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By L. H. SHROPSHIRE and K. ]. KADOW l 
IfARGE AREAS of cabbage and other "crucifer" crops-BrusselsL sprouts, broccoli, cauliflower, kale, turnips, rutabaga, radish, 
rape, charlock, horse-radish, Chinese cabbage, mustard2-are 
grown on a commercial scale in Illinois. Some of these plants are par­
ticularly susceptible to damage by diseases and insects; and many of 
them are subject to the same diseases and insect pests. Control prac­
tices, consequently, often have rather general application to the entire 
group. 
Not all of the diseases or insects attacking crucifer crops have 
taken a toll in Illinois heavy enough to be of particular concern to 
commercial growers of vegetables. Others of these pests are a serious 
menace, and growers spend thousands of dollars each year on meas­
ures to protect their crops sufficiently so that a marketable product 
may be produced at a reasonable profit. Waste in this control pro­
gram is at present far from the minimum which might be attained. 
Waste arises from a failure to recognize the pests when they appear, 
a lack of knowledge about the different pests, the use of control 
measures not adapted to the particular pests or conditions, Qr the use 
of ineffective materials for control. 
The purpose of this circular is to give growers sufficient informa­
tion about the insects and diseases attacking this group of vegetables, 
and about methods of control and prevention, to enable them to cope 
more successfully with these hazards. 
IThe section on insects has been prepared by L. H. SHROPSHIRE, Field 
Entomologist, Illinois State Natural History Survey; the section on diseases 
by K. J. KADOW, Associate Pathologist, Department of Horticulture, University 
of Illinois. 
2Members of the botanical family Cruciferae. Mustard may better be con­
sidered as a cruciferous weed along with other common ones such as shepherd's 
purse and peppergrass. 
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A  B A S I C  C O N T R O L  P R O G R A M  
W h e n  p a r t i c u l a r  d i s e a s e s  o r  i n s e c t s  a r e  p r e v a l e n t ,  s p e c i f i c  c o n t r o l  
m e a s u r e s  m u s t  b e  t a k e n  t o  c o m b a t  t h e m ,  b u t  m a n y  d i s e a s e s  a n d  i n s e c t s  
c a n  b e  p r e v e n t e d  f r o m  b e c o m i n g  s e r i o u s  p r o b l e m s  b y  f o l l o w i n g  s t r i c t l y  
a  f e w  g e n e r a l  p r i n c i p l e s  o f  v e g e t a b l e  c u l t u r e .  G o o d  c u l t u r a l  p r a c t i c e s ,  
l i s t e d  a n d  d i s c u s s e d  b e l o w ,  s h o u l d  f o r m  t h e  b a s i c  c o n t r o l  p r o g r a m  o f  
e v e r y  g r o w e r  o f  c r u c i f e r  c r o p s .  
1 .  U s e  d i s e a s e - f r e e  s e e d  i f  o b t a i n a b l e .  C e r t a i n  d i s e a s e s  o f  c r u c i ­
f e r s  o f f e r  v e r y  g o o d  e x a m p l e s  o f  t h e  i m p o r t a n c e  o f  p l a n t i n g  d i s e a s e ­
f r e e  s e e d .  B l a c k  r o t ,  b l a c k l e g ,  a n d  o t h e r  d i s e a s e s  m a y  b e  t r a n s m i t t e d  
b y  t h e  s e e d .  
S i n c e  b l a c k  r o t  a n d  b l a c k l e g  a r e  t h e  t w o  o u t s t a n d i n g  d i s e a s e s  
c a r r i e d  w i t h  t h e  s e e d ,  t h e  s a f e s t  p r o c e d u r e  i s  t o  p u r c h a s e  s e e d  p r o ­
d u c e d  i n  r e g i o n s  f r e e  f r o m  t h e s e  d i s e a s e s .  I t  n o w  s e e m s  w e l l  e s t a b ­
l i s h e d  t h a t  s e e d s  o f  c r u c i f e r  c r o p s  p r o d u c e d  i n  t h e  P u g e t  S o u n d  r e g i o n  
o f  t h e  s t a t e  o f  W a s h i n g t o n  a r e  f r e e  f r o m  t h e m .  T h e  c l i m a t e  i n  t h a t  
d i s t r i c t  p r e v e n t s  t h e  d e v e l o p m e n t  o f  s u c h  t r o u b l e s .  
T r e a t  q u e s t i o n a b l e  s e e d .  I f  t h e  s e e d  t o  b e  u s e d  i s  n o t  k n o w n  t o  
b e  d i s e a s e  f r e e ,  i t  s h o u l d  b e  t r e a t e d  w i t h  m e r c u r i c  c h l o r i d  ( c o m m o n l y  
k n o w n  a s  c o r r o s i v e  s u b l i m a t e ) ,  w h i c h  m a y  b e  p u r c h a s e d  a t  a n y  d r u g  
s t o r e .  T h e  t r e a t m e n t  s h o u l d  b e  m a d e  i n  a  d i l u t i o n  o f  1  p a r t  m e r c u r i c  
c h l o r i d  t o  1 , 0 0 0  p a r t s  w a t e r  m i x e d  i n  p .  n o n - m e t a l l i c  c o n t a i n e r  t o  p r e ­
v e n t  c o r r o s i o n .  P l a c e  t h e  s e e d s  t o  b e  t r e a t e d  i n  a  c h e e s e c l o t h  b a g  l a r g e  
e n o u g h  t o  p e r m i t  t h o r o  a g i t a t i o n  o f  t h e  s e e d  w i t h i n .  S o a k  f o r  3 0  
m i n u t e s  a n d  t h e n  r i n s e  t h o r o l y  i n  r u n n i n g  w a t e r .  A f t e r  r i n s i n g  s p r e a d  
t h e  s e e d  o u t  i n  t h i n  l a y e r s  t o  d r y .  
C O R R O S I V E  S U B L I M A T E  I S  A  D E A D L Y  P O I S O N .  B e  
c a r e f u l  t o  k e e p  i t  o u t  o f  t h e  r e a c h  o f  c h i l d r e n  a n d  a n i m a l s .  
T h e  a b o v e  t r e a t m e n t  w i l l  k i l l  a l l  d i s e a s e - p r o d u c i n g  o r g a n i s m s  
c a r r i e d  o n  t h e  s e e d  b u t  n o t  t h o s e  c a r r i e d  w i t h i n .  A  h o t - w a t e r  t r e a t ­
m e n t  i s  s o m e t i m e s  u s e d  f o r  t h e  c o n t r o l  o f  d i s e a s e s  b o r n e  i n s i d e  t h e  
s e e d s ,  b u t  i t  i s  n o t  l i s t e d  h e r e  b e c a u s e  i t  h a s  p r o v e d  i m p r a c t i c a l  i n  t h e  
h a n d s  o f  t h e  a v e r a g e  g r o w e r .  D e t a i l s  o f  t h e  h o t - w a t e r  m e t h o d  w i l l  b e  
f u r n i s h e d  u p o n  r e q u e s t .  
2 .  A p p l y  d u s t  t r e a t m e n t .  J u s t  p r i o r  t o  t h e  a c t u a l  p l a n t i n g  o f  
t h e  s e e d ,  w h e t h e r  i n  c o l d  f r a m e s ,  h o t b e d s ,  f i a t s ,  g r e e n h o u s e  b e n c h e s ,  
o r  i n  t h e  f i e l d ,  t h e  s e e d  s h o u l d  b e  t r e a t e d  w i t h  e i t h e r  z i n c  o x i d  o r  
S e m e s a n  t o  p r e v e n t  l o s s e s  f r o m  d a m p i n g - o f f  ( s e e  p a g e  1 9 ) .  T h e  
s t r a i g h t  t e c h n i c a l  z i n c  o x i d  d o e s  n o t  s t i c k  t o  m o s t  c r u c i f e r o u s  s e e d s  
a s  w e l l  a s  i s  n e c e s s a r y ,  b u t  s o m e .  c o m p a n i e s  h a v e  a d d e d  m a t e r i a l s  t o  
o v e r c o m e  t h i s  d i f f i c u l t y .  
5 PROGRAM FOR DISEASE AND INSECT CONTROL 
Do not use any form of copper upon the seed of any crucifer 
crop. If copper compounds are used, severe injury may result. 
If the soil has been adequately sterilized, seed treatment for the 
control of damping-off is not necessary or advisable. 
3. Sterilize contaminated soil. Clean seed is of no avail if the 
soil of the seedbed is contaminated with any of the serious disease­
producing organisms. If the soil is not known to be free from black 
rot, blackleg, yellows, club root, or nematodes, it should be thoroly 
sterilized with steam. If it is known to be free of parasitic nematodes, 
other treatments may be substituted. (See sterilization methods, pages 
41 to 44). 
4. Rotate crops. Healthy vigorous seedlings should be selected 
and planted on a well-drained site which has not been cropped with a 
CRUCIFER FOR AT LEAST THREE YEARS. While this prac­
tice will not control some diseases once they are established, it will go 
a long way toward preventing their appearance in serious form. 
5. Be alert to recognize need for spraying or dusting. While no 
general recommendations for spray's or dusts can be made, growers 
should be on the alert to detect diseases and insect pests that may 
require treatment and should promptly apply the material or materials 
indicated for their control. 
6. Keep fields and storage places free of debris and rotted 
plants. Generally speaking, sanitation is one of the most important, 
but one of the least practiced, of all control measures. Its importance 
in preventing losses from diseases and insect pests cannot be over­
emphasized. To prevent heavy losses from plant pests is much easier, 
more effective, and less expensive than to control them once they 
become well established. 
After harvest is complete, all debris in and around the fields 
should be destroyed rather than plowed under, as is usually done. A 
special effort should be made to destroy plants which died during the 
growing season, since it is highly probable that they were killed by 
diseases or insects and would build up the infestation if left to decay. 
The safest way to destroy vegetable debris is to burn it. If animals 
eat it or if it becomes mixed in other ways with manure, the diseases 
which are present will again be returned to the fields when the manure 
is used for fertilizer. Weeds should be eradicated in and near plant­
ings, since they often harbor plant pests during the winter and thus 
are a source of infestation in the spring. 
The destruction of all rotten plants in or near places of storage is 
6  
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a l s o  v e r y  i m p o r t a n t  s i n c e  i n s e c t s  o r  o t h e r  a g e n t s  m a y  s p r e a d  t h e  r o t ­
p r o d u c i n g  o r g a n i s m s  t o  h e a l t h y  p l a n t s .  I n  s o m e  i n s t a n c e s  t h e  s t o r a g e  
o f  i n f e c t e d  p r o d u c t s  h a s  r e n d e r e d  e n t i r e  c r o p s  u n m a r k e t a b l e .  
7 .  S t o r e  p r o p e r l y .  P r o p e r  v e n t i l a t i o n ,  h u m i d i t y ,  a n d  t e m p e r a t u r e  
a r e  t h e  m o s t  i m p o r t a n t  f a c t o r s  i n  t h e  s t o r a g e  o f  c r u c i f e r s .  I f  t h e s e  
f a c t o r s  a r e  p r o p e r l y  p r o v i d e d  f o r ,  t h e  a c t u a l  m e t h o d s  o f  s t o r i n g  a r e  
n o t  s o  i m p o r t a n t .  
A l l  c r u c i f e r s  r e q u i r e  a  m e d i u m  t o  h i g h  h u m i d i t y  t o  p r e v e n t  t h e i r  
d r y i n g  o u t ;  a n d ,  i f  d i s e a s e s  a r e  t o  b e  p r e v e n t e d ,  a  m o d e r a t e  e x c h a n g e  
o f  a i r  w i t h  t e m p e r a t u r e s  b e t w e e n  3 5  a n d  3 7 °  F .  m u s t  b e  p r o v i d e d .  
W i t h  s u c h  c r o p s  a s  C h i n e s e  c a b b a g e ,  c a b b a g e ,  c a u l i f l o w e r ,  a n d  t h e  
l i k e ,  v e n t i l a t i o n  a n d  t e m p e r a t u r e  c o n t r o l  a r e  e s p e c i a l l y  i m p o r t a n t ;  w i t h  
t u r n i p ,  h o r s e - r a d i s h ,  a n d  s i m i l a r  c r o p s  t h e y  a r e  n o t  s o  n e c e s s a r y .  
D I S E A S E S  A N D  T H E I R  C O N T R O L  
M a n y  d i s e a s e s  o f  c r u c i f e r s  c o m m o n l y  o c c u r  i n  I l l i n o i s .  S o m e  a r e  
s e r i o u s  a n d  c a u s e  a  g r e a t  d e a l  o f  d a m a g e  o r  t h e  e x p e n d i t u r e  o f  m u c h  
e f f o r t  a n d  e x p e n s e  i n  t h e i r  c o n t r o l ,  w h e r e a s  o t h e r s  a r e  s e l d o m  i f  e v e r  
w i d e s p r e a d  o r  d e s t r u c t i v e  e n o u g h  t o  b e  c o n s i d e r e d  c o m m e r c i a l l y  i m ­
p o r t a n t .  O n l y  t h o s e  d i s e a s e s  w h i c h  h a v e  c a u s e d  s u f f i c i e n t  l o s s  t o  b e  o f  
g e n e r a l  c o n c e r n  a r e  d i s c u s s e d  h e r e .  
Y e l l o w s  
U n d o u b t e d l y  t h e  m o s t  d e s t r u c t i v e  d i s e a s e  o f  c r u c i f e r s  u n d e r  I l l i ­
n o i s  c o n d i t i o n s  i s  " c a b b a g e  y e l l o w s . "  Y e l l o w s  i s  a  s e r i o u s  d i s e a s e  o f  
c a b b a g e ,  k o h l r a b i ,  a n d  c o l l a r d .  C a u l i f l o w e r ,  B r u s s e l s  s p r o u t s ,  a n d  
b r o c c o l i ,  w h i l e  g e n e r a l l y  r a t h e r  r e s i s t a n t ,  a r e  o f t e n  m o d e r a t e l y  i n f e c t e d  
i n  h o t ,  d r y  s e a s o n s .  
S e v e r a l  v e r y  s a t i s f a c t o r y  c a b b a g e  v a r i e t i e s  r e s i s t a n t  t o  y e l l o w s  
( F i g .  1 )  a r e  a v a i l a b l e ,  b u t  a s  y e t  o n l y  a  l i m i t e d  n u m b e r  o f  I l l i n o i s  
g r o w e r s  a r e  u s i n g  t h e m .  U n t i l  s u c h  v a r i e t i e s  a r e  g e n e r a l l y  a d o p t e d ,  
t h i s  d i s e a s e  i s  l i k e l y  t o  r e m a i n  t h e  m o s t  d e s t r u c t i v e  o n e  a t t a c k i n g  
c r u c i f e r s .  
C a u s e . - Y e l l o w s  i s  c a u s e d  b y  a  t y p i c a l  s o i l  f u n g u s
1  
a p p a r e n t l y  
c a p a b l e  o f  l i v i n g  m a n y  y e a r s  i n  t h e  s o i l  o n c e  i t  i s  i n t r o d u c e d .  T h e  
f u n g u s  e n t e r s  t h e  h o s t  p l a n t  t h r u  t h e  r o o t  s y s t e m .  A l t h o  i n f e c t i o n  m a y  
o c c u r  a n y  t i m e  d u r i n g  t h e  l i f e  o f  t h e  g r o w i n g  p l a n t s ,  i t  g e n e r a l l y  t a k e s  
p l a c e  i m m e d i a t e l y  a f t e r  t r a n s p l a n t i n g ,  w h e n  t h e  y o u n g  p l a n t s  a r e  
b e c o m i n g  e s t a b l i s h e d .  B e c a u s e  t h e  f u n g u s  r e q u i r e s  h i g h  s o i l  t e m p e r a ­
t u r e s ,  t h e  s e v e r i t y  o f  i n f e c t i o n  i s  r a t h e r  c l o s e l y  r e l a t e d  t o  t h e  f i r s t  h o t  
l F u s a r i u m  c o n g l u t i n a n s  W r .  
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summer weather. Soil temperatures between 80 and 90° F. permit 
maximum development of the disease, altho infection may occur at 
temperatures as low as 63 ° F. Once the fungus enters the root sys­
tem of a susceptible plant it progresses rapidly up thru the stem into 
the leaves, which are soon discolored and killed. It usually continues 
to advance up thru the conducting tissues until eventually the entire 
plant is killed. The death of the infected plant may result in from 
two to a few weeks, altho under some conditions diseased plants may 
persist the entire season in a half-starved condition. 
FIG. I.-CABBAGE YELLOWS CAN BE CONTROLLED BY THE USE OF 
SUITABLE RESISTANT VARIETIES 
The row at the left center, planted to the susceptible variety Jersey Wake­
field, has been practically killed out by yellows. The resistant variety Marion 
Market was used in the right center row. (Courtesy Eugene H erriing, Wis. 
Agr. Exp. Sta.) 
Symptoms.-The most striking symptom of cabbage yellows is the 
dull yellow to yellowish green color of the foliage. The first evidence 
of trouble usually appears on basal leaves as a lateral warping or 
curling, along with the discoloration just mentioned. This condition 
results from root infection occurring on one side of the plant before 
it does on the other. In advanced stages this one-sided infection often 
causes the stem to warp or curl. But if infection of the root system 
is rather uniform, yellowing and subsequent dying of the leaves results, 
progressing from the bottom of the plant upward. Infected leaves are 
shed prematurely and soon the plant dies of starvation. 
If a stem section of a plant infected with yellows is examined in 
the early stages of the disease, it may be observed that the woody 
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tissue is colored a light brown to brown and has a water-soaked
appearance. The discoloration darkens as the disease advances until
finally it becomes a brownish black. In this stage it is often very
difficult to distinguish yellows from black rot (pages 9 to 12).
Introduction and Spread.-Soils may become contaminated by the
yellows organism by anyone of a number of agents. Farm imple­
ments, drainage water, wind, animals, infected plant debris, or other
such agents, are generally responsible. Seedbed infections are quite
serious because large numbers of plants thereby become infected and,
when they are transplanted, inoculate yellows-free field soil with the
infecting organism. If the disease is present in a given locality, ex­
treme care must be exercised to prevent its rapid spread. The fungus
may persist for many years in the soil. 
Control.-General sanitation and crop rotation are recommended
as means of preventing the disease but they are of little value in con­
trolling it once the causal organism has become established in the soil.
If seedbed soil is not known to be free of the yellows organism, it
should be thoroly sterilized before the seed are planted (see steriliza­
tion methods, pages 41 to 44). 
Do not plant susceptible crucifers on infested soil. If infested soil
must be used, resistant varieties should be grown whenever available.
Below is a list of cabbage varieties highly resistant to yellows and now
generally available. This list is taken from U. S. Department of
Agriculture Farmers' Bulletin 1439 ( 1934 revised edition).
"Wisconsin Hollander-A selection from Hollander or Danish Ballhead.The variety is somewhat coarser and a heavier yielder than the average st rain
of the original type. It matures a week to 10 days later than some strains ofDanish Ballhead. It is used for late shipping and storage purposes. [Because
of its not being well adapted to temperatures as high as those usually prevailingin Illinois, this variety has not proved satisfactory in Illinois.]
"Wisconsin Ballhead-This is a new selection from Danish Ballhead,practically identical with the latter in type and season... .
"Wisconsin All Seasons-Developed by the Wisconsin station from AllSeasons, which it resembles in type, except that it matures a little later. It is
a drumhead variety and is used widely for sauerkraut manufacture in areas
where yellows occurs. 
"All Head Select-A flath ead type selected from All Head Early. It is
a mid-season variety and matures about 10 days earlier than Wisconsin AllSeasons. It has been developed through the cooperation of the 'Wisconsin sta­tion, the United States Department of Agriculture, and the National KrautPackers' Association. 
"Marion Market-A midseason roundhead variety selected from Copen­hagen Market under the same auspices as All Head Select. It matures in aboutthe same season as the latter and is thus somewhat later [about 2 weeks] thanthe earliest strains of Copenhagen Market. 
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"Globe-A midseason roundhead variety selected from Glory of Enk­
huizen under the same auspices as All Head Select. It matures in about the 
same season as the latter and Marion Market. 
"Jersey Queen-A resistant selection from the early pointed-head 
variety, Jersey Wakefield. It is practically the same as the latter in season and 
type, but is highly resistant to yellows. . 
"Red Hollander-A late roundhead variety of red cabbage developed 
by W. J. Hansche at Racine, Wisconsin. It is highly resistant and matures in 
about the same season as Wisconsin Hollander." 
Black Rot 
Black rot is a very serious disease of crucifers in all the market­
garden regions of Illinois. The disease has been identified in Illinois 
on cabbage, cauliflower, kale, rutabagas, turnips, radishes, Chinese 
cabbage, horse-radish, and mustard. Infections of other crucifer crops 
and weeds have been reported from other states and undoubtedly 
occur also in Illinois. The disease is most severe in warm, wet seasons 
altho, regardless of weather, losses occur yearly in this state on prac­
tically all cultivated crucifers. 
Cause.-Black rot is caused by a bacterial organism2 which usually 
enters the plant thru the water pores located on the margins of the 
leaves (Fig. 2). It may also enter thru stomata and insect or mechani­
cal wounds. Root infections rarely occur. Once the organism enters 
the water pores, it progresses rapidly down the leaf and soon the 
entire vascular system is invaded. Infections may take place any 
time during the life of the host plant. When they occur early, the 
plant usually dies soon afterwards, but late infections may cause 
nothing more than varying amounts of defoliation. Plants infected 
with black rot not uncommonly have a long bare stalk and a small 
head or tuft of leaves at the top. 
Symptoms.-Soon after the black-rot bacteria enter the water 
pores on the margin of the leaves or wounds, symptoms of the disease 
begin to appear'. Progress of the disease is usually evidenced by a 
blackening of veins, soon followed by a browning and subsequent 
dying of the tissues first invaded. In this stage characteristic V -shaped 
areas of dead tissue extend into the leaf. The point of the "V" extends 
toward the midrib. From the points of first infection of the leaves, 
the organisms enter the main stem or stalk, thoroly invading its 
vascular system in all directions. Other leaves are soon invaded thru 
the vascular system, and defoliation results. 
In severe infections the plant usually dies before or shortly after 
2Phytomonas campestris (Pammel) Bergey et al. 
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h e a d i n g ,  d e p e n d i n g  l a r g e l y  u p o n  t h e  t i m e  w h e n  i n f e c t i o n  t a k e s  p l a c e .  
D w a r f i n g  a n d  a  o n e - s i d e d  g r o w t h  o f  p l a n t s  o f t e n  r e s u l t  f r o m  e a r l y  
b l a c k - r o t  i n f e c t i o n s .  T h i s  m i s s h a p e n  g r o w t h ,  a l o n g  w i t h  t h e  f a c t  t h a t  
t h e  v a s c u l a r  s y s t e m  i s  d i s c o l o r e d ,  o f t e n  c a u s e s  c o n f u s i o n  i n  a t t e m p t s  
t o  d i s t i n g u i s h  b l a c k  r o t  f r o m  y e l l o w s  ( d i s c u s s e d  o n  p a g e s  6  t o  9 ) .  
F I G .  2 . - A  T Y P I C A L  A T T A C K  B Y  B L A C K  R O T  O N  C A B B A G E  
B l a c k  r o t  o r g a n i s m s  h a v e  e n t e r e d  t h e  w a t e r  p o r e s  o n  t h e  m a r g i n  o f  t h i s  
c a b b a g e  l e a f .  N o t e  t h e  b l a c k e n i n g  o f  t h e  l e a f  v e i n s .  ( C o u r t e s y  F l o r i d a  A g r .  
E x p .  S t a . ,  B u l .  2 5 6 )  
I t  i s  u s u a l l y  p o s s i b l e  t o  d i s t i n g u i s h  b e t w e e n  b l a c k  r o t  a n d  y e l l o w s  
b y  t h e  f a c t  t h a t  t h e  d i s c o l o r a t i o n  c a u s e d  b y  y e l l o w s  i s  y e l l o w i s h  b r o w n  
t o  b r o w n ,  w h e r e a s  t h a t  r e s u l t i n g  f r o m  b l a c k  r o t  i s  b l a c k .  I n  l a t e r  
s t a g e s  o f  b l a c k  r o t ,  b u t  n o t  i n  i n f e c t i o n s  o f  y e l l o w s ,  t h e r e  a r e  o f t e n  
s m a l l  c a v i t i e s  i n  t h e  t i s s u e s  s u r r o u n d i n g  i n f e c t e d  b u n d l e s ,  c a u s e d  b y  
t h e  b r e a k  d o w n  o f  t h e  c e l l s  ( F i g .  3 ) .  I n  m a n y  i n s t a n c e s  m i c r o s c o p i c  
e x a m i n a t i o n  i s  n e c e s s a r y  t o  d i s t i n g u i s h  b e t w e e n  t h e s e  t w o  d i s e a s e s .  
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The soft rot of heads so commonly associated with black rot is 
caused by another organism as a secondary invader. It is discussed 
on page 22. 
Introduction and Spread.-Black rot is probably first introduced 
into a given area with the seed, which commonly carries the bacteria. 
Generally speaking, seeds produced in arid regions do not carry the 
black-rot organism. Once the disease is established, it is spread rapidly 
by drainage water, rain, farm implements, animals, and infected 
refuse. 
FIG. 3.-CROSS-SECTION OF CAULIFLOWER STEM SHOWING 
TYPICAL BLACK-ROT INVASION 
The blackened conductive tissue and the small cavities in and near it offer 
a rather reliable means of distinguishing between black rot and yellows. 
Control.-General sanitation and a three-year rotation, using crops 
other than crucifers for two successive years, are of considerable 
value in reducing losses from black rot. 
The use of disease-free seed is very important. If the seed is not 
produced in an arid region free from black rot, it should be treated 
as directed on page 4. 
Seedbed soil not known to be free from the black-rot organism 
should be sterilized by one of the methods outlined on pages 41 to 44. 
An effort should be made to keep insects from feeding upon or 
injuring crucifer crops, for the insects are capable of spreading the 
black-rot organism. 
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Clubroot 
Clubroot is one of the most destructive diseases of crucifer crops
in the market-garden regions of Illinois. Many growers have be~n
forced to discontinue the production of susceptible crops, and many
other growers who have land rather recently infested may in a few
years be forced to eliminate crucifers from their vegetable plantings.
Practically all cultivated and wild crucifers are susceptible to this
disease. 
Cause.-Clubroot is caused by one of the slime mold fungi. l Once
the organism becomes established in the soil it is capable of remaining
there so long as to make its control by rotation practically impossible.
Infections may occur on any underground part of the plant at any time
during its growth provided at least 50 percent of the potential soil
moisture is present. Warm, wet weather is most favorable for severe
infection. In the spring the spores of the causal fungus germinate and
give rise to small motile bodies capable of penetrating the roots of
host plants. These parasites within the roots stimulate abnormal
growth, so that eventually the roots become greatly swollen and dis­
torted (Fig. 4). This abnormal root growth inhibits the normal
development of the food- and water-conducting vessels and also
utilizes a great deal of the assimilated food which would otherwise go
to produce a better commercial product. Spores of the causal fungus
are produced within the host cells and are liberated when the infecteo
plant tissue disintegrates. 
Sympt.oms.-The most striking symptom of clubroot is the ab­
normal club-like development of infected roots. The enlarged roots
are usually thickest at the center and taper off at both ends. The
causal fungus may attack and subsequently enlarge any underground
portion of the plant. Clubroot organisms do not cause premature
rotting of infected roots, as is commonly supposed. The rotting so
generally associated with this disease is caused by secondary infec­
tion from other organisms. 
Control.-Once the clubroot fungus becomes established in the
soil under field conditions, it is practically impossible to eliminate it.
The spores of the fungus may persist in the soil for many years,
making their elimination by crop rotation practically impossible.
To prevent the introduction of this disease is of utmost impor­
tance; and in so doing the selection of seedbed soil and site and the
careful practicing of general sanitation are of considerable value. If 
IPlaS111Jodiophora brassicae Wor. 
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the seedbed soil is not known to be free from the clubroot organism, 
it should be sterilized (see pages 41 to 44). The site should be on high, 
well-drained ground. Seedlings should not be used from a seedbed 
in which even a few show symptoms of clubroot, for if the disease 
is evident on a few plants, it is more than likely that others are 
infected tho they do not yet show characteristic swellings. That 
seedlings be taken from a clubroot-free seedbed is especially important 
if they are to be transplanted on soil supposedly free from the clubroot 
organism. 
FIG. 4.-TYPICAL SYMPTOMS OF CLUBROOT DISEASE 
Abnormally developed club-like roots characterize this disease. Root knot 
on cabbage, cauliflower, and the like may be distinguished from clubroot by 
the small brownish cysts within the tissue infected by the root knot nematode. 
Within these cysts are the female egg-bearing nematodes. 
Liming the soil of the field with hydrated lime is often very bene­
ficial and practical, and has been widely recommended. The success 
of liming, however, depends to a large extent upon local conditions. 
Its value in a given region should be demonstrated and the correct 
amount to apply determined by analysis before any commercial appli­
cations are made. The hydrated lime should be applied about two to 
three months before planting time and in sufficient amounts to adjust 
the soil reaction to between 7.1 and 7.8. When the resulting reaction is 
below pH 7.1, the treatment is seldom effective. The effects of liming 
may last one season or several; consequently it is advisable to have 
the soil tested for each season's plantings. 
The chemical treatment outlined for the control of cabbage maggot 
(pages 34-35) is often quite satisfactory for the control of clubroot. 
Certain varieties of turnip and rutabaga are rather resistant to 
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c l u b r o o t ;  b u t  i n  g e n e r a l ,  a t  t h e  p r e s e n t  t i m e ,  r e s i s t a n t  v a r i e t i e s  d o  n o t  
o f f e r  a  s a t i s f a c t o r y  m e t h o d  o f  c o n t r o l .  F u t u r e  d e v e l o p m e n t s  i n  t h i s  
c o n n e c t i o n  m a y  b e  o f  g r e a t  c o m m e r c i a l  v a l u e .  
R o o t  K n o t  
T h e  a v e r a g e  u n t r a i n e d  o b s e r v e r  u s u a l l y  e x p e r i e n c e s  c o n s i d e r a b l e  
d i f f i c u l t y  i n  d i s t i n g u i s h i n g  b e t w e e n  i n f e c t i o n s  w i t h  c l u b r o o t  a n d  w i t h  
r o o t  k n o t  o f  c r u c i f e r  c r o p s .  I n  s o m e  s t a g e s  o f  d e v e l o p m e n t  t h e  
s i m i l a r i t y  o f  t h e s e  t w o  t r o u b l e s  i s  s o  s t r i k i n g  a s  t o  r e q u i r e  m i c r o s c o p i c  
e x a m i n a t i o n  f o r  a c c u r a t e  d i a g n o s i s .  
R o o t  k n o t  d o e s  n o t  g e n e r a l l y  c a u s e  s e r i o u s  t r o u b l e  u n d e r  I l l i n o i s  
f i e l d  c o n d i t i o n s ,  f o r  t h e  c a u s a l  o r g a n i s m  d o e s  n o t  u s u a l l y  w i t h s t a n d  
t h e  s e v e r e  w i n t e r s .  P r a c t i c a l l y  a l l  o f  t h e  s e r i o u s  f i e l d  o u t b r e a k s  h a v e  
r e s u l t e d  f r o m  s e t t i n g  i n f e c t e d  p l a n t s .  O f t e n t i m e s  s e e d l i n g s  a r e  g r o w n  
i n  i n f e s t e d  s e e d b e d  s o i l s ,  a n d  h e a v y  i n f e c t i o n  u s u a l l y  r e s u l t s .  S u c h  
i n f e c t i o n s  m a y  s c a r c e l y  b e  i n  e v i d e n c e  w h e n  t h e  y o u n g  p l a n t s  a r e  s e t  
i n t o  t h e  f i e l d ,  b u t  s h o r t l y  t h e r e a f t e r  g e n e r a l  s y m p t o m s  a p p e a r .  
L o s s e s  t o  I l l i n o i s  g r o w e r s  f r o m  r o o t  k n o t  o f  c r u c i f e r s  a r e  g r e a t e s t  
a m o n g  g r o w e r s  o f  h o r s e - r a d i s h .  P r a c t i c a l l y  a l l  h o r s e - r a d i s h  p l a n t i n g s  
y e t  e x a m i n e d  h a v e  s h o w n  i n f e c t i o n s  r a n g i n g  f r o m  1  t o  1 5  p e r c e n t  o f  
t h e  m a r k e t a b l e  r o o t s .  A p p a r e n t l y  t h e  " p i t t i n g "  o f  i n f e c t e d  s e t s  a f f o r d s  
e n o u g h  p r o t e c t i o n  f o r  t h e  o v e r w i n t e r i n g  o f  e g g - b e a r i n g  n e m a t o d e s .  
T h e  p l a n t i n g  o f  t h e s e  s e t s  t h e  f o l l o w i n g  s p r i n g  a c c o u n t s  f o r  t h e  o c ­
c u r r e n c e  o f  r o o t  k n o t  i n  t h e  m a t u r e  r o o t s .  
R o o t  k n o t  i s  o f t e n  s e r i o u s  o n  g r e e n h o u s e  r a d i s h e s ,  b u t  h a s  n o t  a s  
y e t  c a u s e d  s e r i o u s  l o s s e s  u n d e r  f i e l d  c o n d i t i o n s  i n  I l l i n o i s .  
M a n y  p l a n t s  b e s i d e s  c r u c i f e r s  a r e  s u s c e p t i b l e  t o  t h i s  d i s e a s e .  
C a u s e . - R o o t  k n o t  o f  c r u c i f e r s  i s  c a u s e d  b y  m i c r o s c o p i c  e l l w o r m s  
o r  n e m a t o d e s
l  
w h i c h  o v e r w i n t e r  i n  s o i l s  a n d  p l a n t  m a t e r i a l s  t h a t  a r e  
p r o t e c t e d  f r o m  t h e  s e v e r e  I l l i n o i s  w i n t e r s .  
S y m p t o m s . - T h e  d i s e a s e  i s  f i r s t  e v i d e n t  a s  s m a l l  s w e l l i n g s ,  m u c h  
t h e  s a m e  a s  c l u b r o o t ,  w h i c h  a r e  r a t h e r  g e n e r a l l y  d i s t r i b u t e d  o n  t h e  
l a t e r a l  f e e d i n g  r o o t s .  A s  t h e  d i s e a s e  p r o g r e s s e s ,  t h e  s w e l l i n g s  e n l a r g e  
( F i g .  5 ) ,  p r e v e n t i n g  t h e  n o r m a l  a c t i v i t y  o f  t h e  r o o t s  a n d  t h u s  c a u s i n g  
a  s t u n t i n g  a n d  t h e  p r e m a t u r e  d e a t h  o f  i n f e c t e d  p l a n t s .  I f  t h e  r o o t  
s w e l l i n g s  a r e  c u t ,  s m a l l  b r o w n i s h  c y s t s  m a y  b e  s e e n .  W i t h i n  t h e s e  
c y s t s  a r e  p e a r l y  w h i t e  b o d i e s  a b o u t  t h e  s i z e  o f  a  p i n h e a d .  T h e s e  b o d i e s  
a r e  t h e  e g g - b e a r i n g  f e m a l e  n e m a t o d e s ,  a n d  t h e y  a f f o r d  a  r a t h e r  
r e l i a b l e  m e t h o d  o f  d i s t i n g u i s h i n g  b e t w e e n  r o o t  k n o t  a n d  c l u b r o o t .  
A n o t h e r  p o i n t  w h i c h  m a y  a i d  i n  d i s t i n g u i s h i n g  t h e s e  t w o  t r o u b l e s  i s  
I H e t e r o d e r a  s p e c i e s .  
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FIG. S.-ROOT KNOT DISEASE ON HORSE-RADISH 
Two mature roots affected with root knot are shown at the right in the 
upper picture; at the left is a healthy root. On the set in the lower picture 
(much enlarged in proportion to the mature roots) are small knots of root 
rot. Such knots on sets account for outbreaks of the disease in the field. Except 
on horse-radish, and occasionally on imported crucifer plants of other kinds, 
root knot is not a serious field disease in Illinois. On such crops as cabbage, 
cauliflower, and the like, the disease looks very much like club root (Fig. 4). 
the fact that clubroot is known to occur only on cruciferous plants 
while a great variety of plants are affected with root knot. 
Control.-In parts of the country where root knot is serious, crop 
rotation with immune plantings offers the most practical means of 
control. In Illinois, rotations to control root knot have not been 
necessary, since the cold winters which generally prevail prevent the 
overwintering of the nematodes under field conditions. 
A very careful examination of sets and seedlings for typical swell­
ings should be made before they are planted in the field. It is not 
safe to use apparently healthy young plants or sets from pits which 
show serious nematode infections, for the organism may be carried to 
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t h e  f i e l d  i n  a d h e r i n g  d i r t  p a r t i c l e s  o r  i n  p l a n t  i n f e c t i o n s  y e t  t o o  s m a l l  
t o  b e  r e a d i l y  r e c o g n i z e d .  B u t  s i n c e  h o r s e - r a d i s h  s e t s  a r e  o f t e n  s c a r c e  
i t  i s  s o m e t i m e s  n e c e s s a r y  t o  u s e  s e t s  f r o m  i n f e c t e d  b e d s .  S u c h  s e t s  o r  
y o u n g  p l a n t s  s h o u l d  b e  t h o r o l y  w a s h e d  w i t h  w a t e r  a n d  e x a m i n e d  f o r  
n e m a t o d e  i n f e c t i o n s .  I f  t h e  p r i m a r y  s o u r c e  o f  n e m a t o d e s  i s  s m a l l ,  
f i e l d  i n f e c t i o n s  w i l l  n o t  b e  s e r i o u s  i n  a n  o r d i n a r y  s e a s o n ;  b u t  i n  t h e  
e v e n t  o f  e x c e s s i v e  r a i n s  t h e  l o s s e s  m a y  b e  c o n s i d e r a b l e .  
S e t s  s h o u l d  n o t  b e  s t o r e d  y e a r  a f t e r  y e a r  i n  t h e  s a m e  p i t ,  e s p e c i a l l y  
i f  t h e  p i t  i s  p r o t e c t e d  s o m e w h a t  b y  b u i l d i n g s .  
S e t s  s u s p e c t e d  o f  h a v i n g  n e m a t o d e  i n f e c t i o n s  s h o u l d  b e  c o v e r e d  
l i g h t l y  w i t h  a b o u t  t w o  o r  t h r e e  i n c h e s  o f  d i r t .  I f  t h e  t e m p e r a t u r e  
w i t h i n  t h e  p i t  r e m a i n s  f o r  a  f e w  d a y s  a t  1 0 °  F .  t h e  n e m a t o d e s  w i l l  b e  
k i l l e d .  T h i s  t e m p e r a t u r e  i s  s e l d o m  r e a c h e d  i n  a  s t a n d a r d  w e l l - c o v e r e d  
p i t .  
I n  t h e  s o u t h e r n  s t a t e s  n e m a t o d e s  a r e  o f t e n  a  v e r y  s e r i o u s  p r o b l e m  
u n d e r  f i e l d  c o n d i t i o n s .  S e e d l i n g s  g r o w n  i n  t h e  S o u t h  s h o u l d  b e  c a r e ­
f u l l y  e x a m i n e d  f o r  n e m a t o d e  i n f e c t i o n s  b e f o r e  t h e y  a r e  a c c e p t e d .  
I f  t h e  s e e d b e d  s o i l  i s  s u s p e c t e d  o f  h a r b o r i n g  n e m a t o d e s  i t  s h o u l d  
b e  t h o r o l y  s t e r i l i z e d  w i t h  s t e a m  o r ,  i f  t h e  s o i l  i s  i n  b e n c h e s  o r  f i a t s ,  
w i t h  b o i l i n g  w a t e r  ( s e e  p a g e  4 3 ) .  
D a m p i n g - O f f  C o m p l e x  
T h e  d a m p i n g - o f f  c o m p l e x  a n d  i t s  a f t e r e f f e c t s  i s  o f t e n  a  v e r y  s e r i ­
o u s  p r o b l e m  i n  t h e  p r o d u c t i o n  o f  h e a l t h y ,  v i g o r o u s  c r u c i f e r  s e e d l i n g s .  
D a m p i n g - o f f  i s  a d v i s e d l y  r e g a r d e d  a s  a  c o m p l e x ,  s i n c e  a n y o n e  o r  
a l l  o f  s e v e r a l  o r g a n i s m s  m a y  b r i n g  i t  a b o u t .  O f  t h e s e  m a n y  o r g a n i s m s ,  
s o m e  m a y  c a u s e  s e v e r a l  d i s e a s e s  o n  a  g i v e n  p l a n t .  F o r  e x a m p l e ,  t h e  
i m p e r f e c t  s t a g e  o f  C o r t i c i u m  v a g u m  B .  &  C .  m a y  c a u s e ,  o n  c e r t a i n  
c r u c i f e r s ,  d a m p i n g - o f f ,  w i r e  s t e m ,  r o o t  r o t ,  s t e m  r o t ,  a n d  b o t t o m  r o t .  
G e n e r a l l y  s p e a k i n g ,  w h e r e  d a m p i n g - o f f  i s  p r o p e r l y  c o n t r o l l e d ,  t h e s e  
o t h e r  d i s e a s e s  a r e  o f  m i n o r  i m p o r t a n c e  i n  I l l i n o i s .  
C a u s e . - S p e c i e s  o f  P y t h i u m  a n d  R h i z o c t o n i a  ( i m p e r f e c t  s t a g e  o f  
C o r t i c i u m  v a g u m )  a r e  t h e  o r g a n i s m s  m o s t  g e n e r a l l y  a s s o c i a t e d  w i t h  t h e  
d a m p i n g - o f f  c o m p l e x  o f  c r u c i f e r  c r o p s  i n  I l l i n o i s .  T h e s e  t w o  o r g a n ­
i s m s ,  a s  w e l l  a s  s o m e  o t h e r s ,  a p p e a r  t o  b e  p r e s e n t  i n  a l l  t h e  s o i l s  o f  
t h e  v e g e t a b l e - p r o d u c i n g  r e g i o n s  o f  ' t h i s  s t a t e .  T h e  s e r i o u s n e s s  o f  t h e  
d i s e a s e s  c a u s e d  b y  t h e  v a r i o u s  d a m p i n g - o f f  o r g a n i s m s  v a r i e s  d i r e c t l y  
w i t h  e n v i r o n m e n t a l  c o n d i t i o n s .  W h i l e  u s u a l l y  i t  i s  n o t  p o s s i b l e  t o  
s e c u r e  s a t i s f a c t o r y  r e s u l t s  b y  t h e  c o n t r o l  o f  e n v i r o n m e n t a l  c o n d i t i o n s  
a l o n e ,  i t  i s  a l s o  t r u e  t h a t  c h e m i c a l  o r  p h y s i c a l  t r e a t m e n t s  w i t h o u t  d u e  
r e g a r d  t o  e n v i r o n m e n t a l  c o n d i t i o n s  a r e  n o t  l i k e l y  t o  g i v e  s a t i s f a c t o r y  
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control. In other words, commercial control of the damping-off com­
plex involves an intelligent application of both types of practices . 
.Symptoms.-Damping-off has been appropriately divided into pre­
and post-emergence phases. With crucifers the pre-emergence phase 
is by far the most important. Growers often complain that certain 
crucifer seeds "failed to germinate," and they blame the seedsman for 
supplying inferior stock when in reality the seed may have been of 
excellent quality. A close examination of seed a few days after 
planting usually reveals that seed suspected of failing did actually 
germinate but that the young seedlings were killed before they emerged 
from the ground. This was what happened to the seedlings from the 
untreated seeds in the left-hand flat in Fig. 6. 
FIG. 6.-EFFECT OF PRE-EMERGENCE PHASE OF DAMPING-OFF 
Altho Illinois growers suffer heavy losses yearly from the pre-emergence 
phase of the damping-off complex, they often fail to recognize it. In each 
of the fiats shown above 250 cabbage seeds were planted in unsterilized soil. 
Untreated seeds were planted at the left; seeds treated with Semesan, at the 
right. Poor seed is often blamed for a poor stand when in reality damping­
off is the real cause. 
The post-emergence phase of damping-off is characterized by th.e 
young seedlings toppling over after they are above ground (Fig. 7). 
This is the phase that most vegetable producers recognize, but with 
crucifers it is not generally so important as the pre-emergence phase. 
Infections in the post-emergence phase usually occur at or below the 
ground level, and the infected tissues appear soft and water soaked. 
As the disease advances, the infected stems become constricted and 
the plants collapse. 
Control.-A great deal of research has been .done at the Illinois 
Agricultural Experiment Station and other stations to determine the 
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m o s t  s a t i s f a c t o r y  m e t h o d  o f  c o n t r o l l i n g  t h e  g e n e r a l  d a m p i n g - o f f  c o m - .  
p l e x .  S e v e r a l  m e t h o d s  h a v e  g i v e n  s a t i s f a c t o r y  r e s u l t s ,  b u t  p r a c t i c a l l y  
a l l  o f  t h e m  h a v e  s o m e  d i s a d v a n t a g e s .  I n  o r d e r  t o  o b t a i n  t h e  b e s t  
r e s u l t s  f r o m  s o i l  o r  s e e d  t r e a t m e n t s ,  g o o d  c u l t u r a l  p r a c t i c e s  m u s t  b e  
m a i n t a i n e d .  W h e n  i t  i s  p o s s i b l e  t o  c o n t r o l  t h e  c o n d i t i o n s  u n d e r  w h i c h  
s e e d l i n g s  a r e  p r o d u c e d ,  t h e  t e m p e r a t u r e  s h o u l d  i f  p o s s i b l e  b e  k e p t  
b e t w e e n  6 0  a n d  7 0 °  F .  A f t e r  t h e  s o i l  i s  i n  t h e  p r o p e r  c o n d i t i o n  f o r  
p l a n t i n g ,  t h e  s e e d s  s h o u l d  b e  p l a n t e d  a n d  w a t e r e d  a s  l i t t l e  a s  p o s s i b l e  
u n t i l  t h e  s e e d l i n g s  e m e r g e .  A t  n o  t i m e  s h o u l d  t h e y  b e  w a t e r e d  h e a v i l y .  
G o o d  a e r a t i o n  i s  a l s o  e s s e n t i a l ,  e s p e c i a l l y  i f  t h e  t e m p e r a t u r e  r i s e s  a b o v e  
7 0 °  F .  
F I G .  7 . - P O S T - E M E R G E N C E  P H A S E  O F  D A M P I N G - O F F  
T y p i c a l  e f f e c t s  o f  t h e  p o s t - e m e r g e n c e  p h a s e  o f  d a m p i n g - o f f  a r e  s h o w n  i n  
t h e  t w o  o u t s i d e  p l a n t s ;  t h e  c e n t e r  p l a n t  i s  h e a l t h y .  T h i s  p h a s e  o f  t h e  d i s e a s e ,  
t h o  b e t t e r  k n o w n  t o  m o s t  g r o w e r s ,  i s  l e s s  c o m m o n  t h a n  t h e  p r e - e m e r g e n c e  
p h a s e .  
S o i l  a n d  s e e d  t r e a t m e n t s  a r e  l i s t e d  b e l o w  i n  t h e  o r d e r  o f  t h e i r  
r e l a t i v e  e f f e c t i v e n e s s  i n  e x p e r i m e n t s  a t  t h e  I l l i n o i s  S t a t i o n .  
1 .  S t e a m  s t e r i l i z a t i o n  o f  s e e d b e d  s o i l  i s  v e r y  s a t i s f a c t o r y  i f  s u f ­
f i c i e n t  c a r e  i s  t a k e n  t o  p r e v e n t  r e c o n t a m i n a t i o n .  M e t h o d s  o f  a p p l i c a ­
t i o n  a r e  d i s c u s s e d  o n  p a g e s  4 1 - 4 2 .  
2 .  S o i l  f t r e a t m e n t  b y  t h e  f o r m a l d e h y d e  d r e n c h  m e t h o d  ( p a g e  4 3 )  
h a s  a l s o  g i v e n  v e r y  g o o d  r e s u l t s .  T h e  u s e  o f  f o r m a l d e h y d e  d u s t s  i s  
s a t i s f a c t o r y  w h e n  t h e  s e e d s  a r e  n o t  p l a n t e d  f o r  7 2  h o u r s  a f t e r  t r e a t ­
m e n t  a n d  t h e  s o i l  i s  w a t e r e d  h e a v i l y  a f t e r  t r e a t m e n t .  I f  t h e s e  p r e ­
c a u t i o n s  a r e  n o t  t a k e n ,  t h e  t r e a t m e n t  i s  l i k e l y  t o  c a u s e  s e v e r e  i n j u r y  
o n  c r u c i f e r  c r o p s .  
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3. Dusting th e seed with certain chemical preparations has given 
good results, but even with the best treatments, some injury may 
occur. In no test was the injury severe except when dusts containing 
copper were used. Semesan (30 percent active) and zinc oxid have 
proved the superior dust treatments for most of the crucifers. Zinc 
oxid as such does not stick to the seeds uniformly, and to overcome 
this difficulty there have been developed dusts with other substances 
added to the zinc oxid. Of the various zinc dusts available, Vasco 
has given the most uniform results. Both Semesan and Vasco should 
be used according to the recommendations of the manufacturers. If 
too much of either dust is applied, some injury may result. 
Wire Stem 
Wire stem, a disease much more common on crucifers in Illinois 
than the post-emergence phase of damping-off, is caused by one of 
the damping-off organisms. As a matter of fact, present evidence 
indicates that wire stem is another phase of the general damping-off 
complex. 
Plants affected with wire stem usually are stunted and have only 
a few leaves at the top of the stem (Fig. 8). When they are dug, 
the stem from the ground level, or thereabouts, down to and in many 
cases including the roots is brown or brownish black. The discolored 
tissue is not watery and soft as in typical damping-off cases, but is 
rather dry and firm. If the stem invasion is too severe, the young 
plant dies; but plants often survive a mild attack leaving the stem 
darkened and cracked and the plant stunted. 
Plants which show typical discoloration and constriction at the 
time of transplanting should be discarded. If they are transplanted, 
they are likely to produce stem rot or bottom rot later in the season. 
Wire stem is often confused with blackleg discussed on pages 26 to 28. 
Stem Rot 
Stem rot has been very serious in greenhouse plantings of radishes, 
but has not been observed to any extent under field conditions. Crucifer 
seedlings with mild infections of wire stem have often been observed 
to develop into typical stem rot. The two diseases are caused by the 
same organism. The infections on radish usually appear upon the 
enlarged root as dark sunken spots of varying sizes. The fungus 
usually enters thru side roots or wounds. Secondary infections usually 
follow, causing infected roots or stems to rot, thus obscuring the 
original symptoms and oftentimes the cause. 
lCorticium v agum B. & c. 
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O n c e  s t e m  r o t  h a s  o c c u r r e d  i n  s e r i o u s  f o r m  o n  g r e e n h o u s e  p l a n t ­
i n g s  o f  r a d i s h e s ,  i t  i s  w e l l  t o  t r e a t  t h e  s o i l  ( m e t h o d s  o u t l i n e d  o n  p a g e s  
4 1  t o  4 4 )  f o r  i t s  c o n t r o l .  
F I G .  8 . - C A B B A G E  S  E E D L D I G S  S H O W I K G  W I R E  S T E M  D I S E A S E  
W i r e  s t e m  i s  a  p h a s e  o f  t h e  d a m p i n g - o f f  c o m p l e x .  S e e d l i n g s  s h o w i n g  a n y  
s t e m  d i s c o l o r a t i o n  o r  c o n s t r i c t i o n  s h o u l d  n o t  b e  t r a n s p l a n t e d .  
B o t t o m  R o t  
B o t t o m  r o t  i s  n o t  g e n e r a l l y  i m p o r t a n t  i n  I l l i n o i s ,  b u t  i n  w e t  s e a s o n s  
c o n s i d e r a b l e  l o s s  o f  c a b b a g e ,  c a u l i f l o w e r ,  a n d  C h i n e s e  c a b b a g e  h a s  
r e s u l t e d  f r o m  i t .  
T h e  d i s e a s e  i s  u s u a l l y  q u i t e  i n c o n s p i c u o u s  u n t i l  m o s t  o f  t h e  i n n e r  
l e a v e s  a r e  i n f e c t e d  a t  t h e i r  b a s e  a n d  o f t e n  q u i t e  b a d l y  r o t t e d .  U n l e s s  
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the disease is discovered in its very early stages, it is usually confused 
with soft rot, which almost always overruns it as a secondary invader. 
As the leaves of the infected plants are invaded, they turn to dull 
yellow and shortly thereafter to brown or brownish black. The foliage 
leaves drop off, leaving only the compact leaves at the top of the stem 
(Fig. 9). In the final stages of this disease the head is all that 
remains on the stem and its outer leaves are brownish black and dry. 
FIG. 9.-BoTTOM ROT OF CABBAGE I N ADVANCED STAGE 
Bottom rot often does considerable damage to crucifer crop s in Illinois 
during wet, warm seasons. (Courtesy Florida Agr. Exp. 5ta., But. 256) 
The under leaves, which may also be invaded, are usually discolored 
but wet. The fungus which causes \vire stem and stem rot also causes 
bottom rot. 
Considerable care should be exercised to avoid storing or shipping 
diseased heads, since bottom rot develops after harvest as well as 
before. 
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S o f t  R o t  
I n  s o m e  y e a r s  s o f t  r o t  i s  a n  e x t r e m e l y  s e r i o u s  d i s e a s e  o f  c r u c i f e r  
c r o p s  i n  I l l i n o i s .  L o s s e s  o f  5 0  t o  7 0  p e r c e n t  h a v e  b e e n  o b s e r v e d  i n  
p l a n t i n g s  o f  C h i n e s e  c a b b a g e ,  a n d  2 5  t o  5 0  p e r c e n t  i n  f i e l d s  o f  
c a b b a g e ,  c a u l i f l o w e r ,  a n d  t u r n i p .  A  l a r g e  n u m b e r  a n d  v a r i e t y  o f  
v e g e t a b l e s  a r e  a f f e c t e d  b y  t h i s  d i s e a s e .  
S o f t  r o t  u s u a l l y  a p p e a r s  l a t e  i n  t h e  s e a s o n  o r  a f t e r  t h e  c r o p s  a r e  
i n  s t o r a g e  o r  t r a n s i t .  S e r i o u s  o u t b r e a k s  u n d e r  f i e l d  c o n d i t i o n s  a r e  
p r a c t i c a l l y  a l w a y s  s e c o n d a r y  t o  o t h e r  t y p e s  o f  i n j u r y .  D a m a g e  f r o m  
s o f t  r o t  m a y  f o l l o w  i n f e c t i o n s  o f  b l a c k  r o t ,  b o t t o m  r o t ,  o r  s o m e  o f  
t h e  m i n o r  l e a f - s p o t  d i s e a s e s .  I t  m a y  a l s o  f o l l o w  i n j u r y  f r o m  f r o s t ,  
i n s e c t s ,  a n d  w o u n d s  i n f l i c t e d  b y  c 2 . r e l e s s  h a n d l i n g ,  o r  o t h e r w i s e .  
S o f t  r o t  i s  c h a r a c t e r i z e d  b y  a  s o f t ,  w a t e r y ,  m u s h y  o r  s l i m y  d e c a y  
( F i g .  1 0 )  w h i c h  i s  a c c o m p a n i e d  b y  a  v e r y  d i s a g r e e a b l e  o d o r .  O n c e  
t h e  c a u s a l  b a c t e r i a l  g a i n  e n t r a n c e  t o  s u s c e p t i b l e  p l a n t  t i s s u e ,  t h e y  
s p r e a d  v e r y  r a p i d l y  t h r u o u t  t h e  p l a n t  p a r t  a t t a c k e d ,  a n d  u n d e r  
s t o r a g e  c o n d i t i o n s  m a y  s p r e a d  t h r u  a  p i l e  o f  v e g e t a b l e s .  I f  c r o p s  a r e  
n o t  s t o r e d  c o r r e c t l y ,  s u b s e q u e n t  l o s s e s  m a y  b e  v e r y  s e v e r e .  
C o n s i s t e n t  e f f o r t s  s h o u l d  b e  m a d e  t o  p r e v e n t  i n s e c t  o r  m e c h a n i c a l  
i n j u r y  a n y  t i m e  d u r i n g  t h e  p r o d u c t i o n  o r  m a r k e t i n g  o f  t h e  c r o p s .  
V e g e t a b l e s  s l i g h t l y  i n j u r e d  b y  f r o s t  s h o u l d  b e  s t o r e d  s e p a r a t e l y  i f  
p o s s i b l e .  A l l o w i n g  t h e  s u r f a c e  t o  d r y  b e f o r e  s t o r a g e  i s  a  g o o d  p r a c t i c e .  
W h e n e v e r  p o s s i b l e ,  c r u c i f e r  c r o p s  s h o u l d  b e  s t o r e d  a t  t e m p e r a t u r e s  o f  
3 5  t o  3 7 °  F .  i n  a  l o c a t i o n  w i t h  g o o d  v e n t i l a t i o n  a n d  m e d i u m  h u m i d i t y .  
U n d e r  s u c h  c o n d i t i o n s ,  s o f t  r o t  i s  n o t  a  s e r i o u s  s t o r a g e  p r o b l e m .  
W h i t e  R u s t  
W h i t e  r u s t  o f t e n  a p p e a r s  i n  s e r i o u s  f o r m  o n  h o r s e - r a d i s h ,  r a d i s h ,  
a n d  m u s t a r d  o f  t h e  c u l t i v a t e d  c r u c i f e r s  a s  w e l l  a s  o n  s e v e r a l  c r u c i f e r ­
o u s  w e e d s  s u c h  a s  p e n n y  g r a s s ,  s h e p h e r d ' s  p u r s e ,  w i l d  m u s t a r d s ,  a n d  
o t h e r s .  M a n y  o t h e r  p l a n t s  a r e  s u s c e p t i b l e  t o  s p e c i e s  a n d  s t r a i n s  o f  
w h i t e  r u s t .  I n  c e r t a i n  p a r t s  o f  t h e  w o r l d  o t h e r  o f  t h e  c u l t i v a t e d  
c r u c i f e r s  a r e  s u s c e p t i b l e ,  b u t  s o  f a r  o n l y  t h o s e  l i s t e d  a b o v e  h a v e  b e e n  
r e c o r d e d  a s  h o s t  p l a n t s  i n  I l l i n o i s .  O f  t h e s e ,  h o r s e - r a d i s h  i s  b y  f a r  
t h e  m o s t  c o m m o n l y  a f f e c t e d .  O f t e n ,  d e p e n d i n g  e n t i r e l y  u p o n  t h e  
p r e v a l e n c e  o f  h e a v y  d e w s  o r  r a i n y  p e r i o d s ,  t h e  l e a v e s  o f  e n t i r e  f i e l d s  
o f  h o r s e - r a d i s h  a r e  s e v e r e l y  d a m a g e d  i n  e a r l y  s p r i n g  o r  i n  t h e  f a l l .  
S p r i n g  i n f e c t i o n s  a r e  n o t  g e n e r a l l y  o f  m u c h  c o n c e r n ,  b u t  h e a v y  l o s s e s  
o c c u r  y e a r l y  f r o m  f a l l  i n f e c t i o n s .  R a d i s h e s  a r e  o f t e n  s e v e r e l y  d a m a g e d  
I B a c i l l u s  c a r o t o v o r u s  J o n e s  i s  t h e  m o s t  c o m m o n  o r g a n i s m  a s s o c i a t e d  w i t h  
s o f t  r o t .  
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FIG. 1O.-SOFT ROT ON CHINESE CABBAGE 
The diseased tissue is soft and slimy and has a very disagreeable odor. 
by white rust under greenhouse conditions, but are seldom damaged in 
the field. 
Cause.-White rust is caused by one of the lower fungi1 and is 
lAlbugo candida (Pers.) O. Kuntze. 
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s e r i o u s  o n l y  i n  w e t ,  c o o l  w e a t h e r .  T h e  r e l ? - t i o n s h i p  b e t w e e n  w h i t e  r u s t  
o n  t h e  v a r i o u s  c r u c i f e r o u s  h o s t  p l a n t s  l i s t e d  a b o v e  i s  n o t  w e l l  e s t a b ­
l i s h e d .  I n o c u l a t i o n  s t u d i e s ,  n o t  y e t  c o m p l e t e ,  i n d i c a t e  t h a t  a  d i s t i n c t  
s t r a i n  o f  f u n g u s  i s  i n v o l v e d .  I t  i s  m o r e  t h a n  l i k e l y ,  h o w e v e r ,  t h a t  
s t r a i n s  o f  t h e  f u n g u s  c a u s i n g  t h e  d i s e a s e  o n  s o m e  o f  t h e  n u m e r o u s  
h o s t  p l a n t s ,  e i t h e r  c u l t i v a t e d  o r  w i l d ,  a r e  c a p a b l e  o f  i n f e c t i n g  h o r s e ­
r a d i s h .  C e r t a i n  c o m m o n  o b s e r v a t i o n s  c o r r o b o r a t e  t h i s  b e l i e f .  
S y m p t o m s . - W h i t e  r u s t  i s  c h a r a c t e r i z e d  b y  w h i t e  b l i s t e r - l i k e  p u s ­
t u l e s  u p o n  t h e  l e a v e s  a n d  s t e m s  o f  i n f e c t e d  p l a n t s  ( F i g .  1 1 ) .  T h e s e  
p u s t u l e s  a r e  g e n e r a l l y  f o u n d  o n  t h e  u n d e r s u r f a c e  o f  i n f e c t e d  l e a v e s ,  
F I G .  I 1 . - S E V E R E  I N F E C T I O N  O F  W H I T E  R  U S T  O N  H O R S E - R A D I S H  
T h e  l e s i o n s  o n  t h e  u n d e r s i d e  o f  t h e  l e a v e s ,  a l o n g  w i t h  t h e  " c u p p i n g "  o f  
d i s e a s e d  l e a v e s ,  a r e  q u i t e  t y p i c a l  o f  w h i t e  r u s t .  L e s i o n s  o n  t h e  s t e m  a n d  a  f e w  
o n  t h e  t o p  s i d e  o f  t h e  l e a f  a r e  v i s i b l e  i n  t h i s  p i c t u r e .  T h e  b r o w n i s h  r e d  d i s ­
c o l o r a t i o n  t h a t  o c c u r s  o n  t h e  t o p  s i d e  o f  i n f e c t e d  l e a v e s  i n  a r e a s  c o r r e s p o n d ­
i n g  t o  p o i n t s  o f  i n f e c t i o n  o n  t h e  u n d e r s i d e  d o e s  n o t  s h o w  h e r e .  
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altho stems and upper leaf surfaces are also attacked. The upper 
surfac~ of an infected leaf shows a brownish red discoloration in 
spots corresponding to points of infection on the underside of the 
leaf. As the infection spreads, the leaves cup inward and are soon 
completely covered with white-rust lesi<;ms. In weather favorable for 
white rust, leaves may be killed within two weeks from the time of 
infection but usually three to four weeks are required. During dry 
weather clouds of spores rise when infected leaves are disturbed. 
These spores account for the rapid spread of the disease once it 
becomes established. 
Control. -General sanitation should be practiced. Plant tops from 
infected fields should be gathered and burned. Volunteer horse-radish 
should be destroyed as soon as it appears, since the white-rust organ­
ism may overwinter in the crowns of diseased plants. Sets do not 
appear to harbor the fungus over winter. 
Under field conditions white rust is very difficult to control. 
Copper sprays are quite effective if complete coverage is maintained. 
But complete coverage is very difficult to maintain, since horse-radish 
grows rapidly in cool, \~' et weather and under such conditions copper 
sprays wash off. Also, if too many sprays are applied, copper injury 
may result. Copper injury has not, however, been observed in serious 
form. 
Fairly satisfactory control of white rust under field conditions has 
been obtained by the following practices: 
1. As soon as the first fall dews appear, spray the plants (horse­
radish, radish, mustard) thoroly with a 3-3-50 bordeaux mixture to 
which is added 1 quart of summer oil or 1 pint of fish-oil soap (25 
percent soap content) for increasing the adhesiori of the bordeaux 
during rainy periods. The oil should be diluted with equal parts of 
water and added to the finished bordeaux with the agitator going. 
2. When dust applications are made, apply the dust when the 
leaves are damp with dews or rains. If dusts are applied during dry 
weather and no rains or dews convert them to bordeaux within 2 or 3 
days after application, severe copper burn may result the first time 
moisture is present. During rainy weather bordeaux dust washes off 
the leaves, but the liquid bordeaux-oil spray does not. Directions for 
mixing both bordeaux sprays and dusts are given on pages 46-47. 
Applications of either dust or sprays should be made often enough 
to keep the leaves covered. In cool, damp weather an application 
every two weeks is necessary, but if the plants are not growing rapidly, 
applications may be made less frequently. 
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B o r d e a u x  s p r a y s  o r  d u s t s  a r e  v e r y  e f f e c t i v e  i n  c o m b a t i n g  g r e e n  
h o u s e  o u t b r e a k s  o f  w h i t e  r u s t  o n  r a d i s h .  O n c e  t h e  d i s e a s e  a p p e a r s  i n  
a  g r e e n h o u s e ,  t h e  p l a n t s  s h o u l d  b e  w a t e r e d  b y  t h e  f l o o d  m e t h o d  t h e r e ­
a f t e r  r a t h e r  t h a n  b y  s p r i n k l i n g ,  a s  i s  u s u a l l y  d o n e  w i t h  r a d i s h e s .  
W a t e r i n g  b y  t h e  f l o o d  m e t h o d  i s  a  w o r t h w h i l e  p r e c a u t i o n  w h e t h e r  t h e '  
p l a n t s  a r e  s p r a y e d  o r  n o t .  
B l a c k l e g  
B l a c k l e g  u s e d  t o  b e  o n e  o f  t h e  m o s t  c o m m o n  d i s e a s e s  o f  c a b b a g e  
a n d  c a u l i f l o w e r  e n c o u n t e r e d  u n d e r  I l l i n o i s  f i e l d  c o n d i t i o n s ,  b u t  w i t h  
t h e  a d v e n t  o f  i m p r o v e d  s e e d  a n d  s y s t e m a t i c  r o t a t i o n s  i t  h a s  a l m o s t  
d i s a p p e a r e d .  M a n y  o t h e r  c r u c i f e r s  a r e  l i s t e d  a s  h o s t  p l a n t s ,  b u t  b l a c k ­
l e g  h a s  n o t  y e t  b e e n  o b s e r v e d  i n  s e r i o u s  f o r m  o n  a n y  o f  t h e m  i n  
I l l i n o i s .  
C a u s e . - B l a c k l e g  i s  c a u s e d  b y  a  f u n g u s
l  
w h i c h  m a y  b e  c a r r i e d  w i t h  
t h e  s e e d .  I t  a l s o  m a y  p e r s i s t  i n  t h e  s o i l  f o r  t w o  o r  m o r e  y e a r s ,  d e p e n d ­
i n g  u p o n  t h e  t i m e  r e q u i r e d  f o r  t h e  o l d  i n f e c t e d  d e b r i s  t o  d e c a y .  T h e  
e x t e n t  a n d  s e v e r i t y  o f  b l a c k l e g  i n f e c t i o n  d e p e n d s  l a r g e l y  u p o n  e n ­
v i r o n m e n t a l  f a c t o r s .  I f  s u f f i c i e n t  i n o c u l u m  i s  p r e s e n t  a n d  i f  m o i s t u r e  
a n d  t e m p e r a t u r e  a r e  f a v o r a b l e ,  n u m e r o u s  s t e m  a n d  l e a f  l e s i o n s  m a y  
o c c u r  i n  1 0  d a y s  t o  t w o  w e e k s .  U n d e r  s u c h  c o n d i t i o n s  l a r g e  a c r e a g e s  
m a y  b e  s e v e r e l y  i n f e c t e d  o r  k i l l e d  b y  t h i s  d i s e a s e .  
S y m p t o m s . - L i k e  s e v e r a l  o t h e r  c r u c i f e r  t r o u b l e s ,  b l a c k l e g  i s  m o s t  
s e r i o u s  w h e n  o u t b r e a k s  o c c u r  i n  t h e  s e e d b e d .  U n d e r  s u c h  c o n d i t i o n s  
t h e  s t e m  l e s i o n s  ( F i g .  1 2 )  a r e  o f t e n  c o n f u s e d  w i t h  w i r e  s t e m  ( s e e  
p a g e  1 9 ) ,  b u t  i f  t y p i c a l  l e a f  l e s i o n s  (  F i g .  1 3 )  o f  b l a c k l e g  o c c u r  i t  
i s  n o t  d i f f i c u l t  t o  d i s t i n g u i s h  b e t w e e n  t h e s e  t w o  t r o u b l e s .  B l a c k l e g  
m a y  a t t a c k  a n y  p n r t  o f  t h e  p l a n t ,  b u t  i s  g e n e r a l l y  m o s t  s e r i o u s  o n  t h e  
r o o t s  a n d  t h e  u n d e r g r o u n d  p o r t i o n  o f  t h e  s t e m ,  w h i c h  m a y  b e  b l a c k ­
e n e d  a n d  k i l l e d .  
S e e d b e d  i n f e c t i o n s  o f  b l a c k l e g  u s u a l l y  b e c o m e  e v i d e n t  f i r s t  i n  t h e  
w i l t i n g  a n d  d y i n g  o f  i n f e c t e d  s e e d l i n g s .  C l o s e  e x a m i n a t i o n  o f  i n f e c t e d  
p l a n t s  u s u a l l y  r e v e a l s  s t e m  i n v a s i o n s  f r o m  t h e  g r o u n d  l e v e l  d o w n w a r d .  
I n f e c t e d  a r e a s  m a y  b e  l i m i t e d  t o  s m a l l  s u n k e n  s p o t s ,  o r  t h e  i n v a s i o n  
m a y  i n v o l v e  t h e  e n t i r e  u n d e r g r o u n d  p o r t i o n  o f  t h e  p l a n t .  S e e d l i n g s  
t h u s  i n f e c t e d  a r e  d i f f i c u l t  t o  d i s t i n g u i s h  f r o m  t h o s e  i n f e c t e d  w i t h  w i r e  
s t e m .  B l a c k l e g  i n f e c t i o n s  o f  s t e m s  m a y  o c c u r  a n y  t i m e  d u r i n g  t h e  l i f e  
o f  t h e  p l a n t .  U n l i k e  y e l l o w s  o r  b l a c k  r o t ,  b l a c k l e g  d o e s  n o t  c a u s e  
i n f e c t e d  p l a n t s  t o  s h e d  t h e i r  l e a v e s .  P u r p l i n g  o f  t h e  l e a v e s ,  e v e n  
b e f o r e  g e n e r a l  w i l t i n g  o c c u r s ,  i s  a  c o m m o n  s y m p t o m .  
I P h o m a  l i n g a m  ( T o d e )  D e s m .  
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FIG. 12.-BLACKLEG INFECTION ON STEM OF CABBAGE 
Tho the disease on this plant is in an advanced stage, it has not as yet 
caused the death of the plant. (Courtesy Florida Agr. Exp. Sta., Bul. 256) 
FIG. 13.-SPOTTING OF CABBAGE LEAF CAUSED BY BLACKLEG FUNGUS 
The condition of this leaf is typical of the injury to leaves by blackleg. 
Note the small black fruiting bodies in the diseased tissues. 
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I n v a s i o n  o f  l e a v e s  b y  t h e  b l a c k l e g  o r g a n i s m  p r o d u c e s ,  a f t e r  a b o u t  
t w o  w e e k s ,  m i n u t e  r a i s e d  s p o t s  a b u n d a n t l y  s c a t t e r e d  o v e r  t h e  i n v a d e d  
t i s s u e ,  a n d  a b o u t  t h e  s i z e  a n d  g e n e r a l  a p p e a r a n c e  o f  f l y  s p e c k s .  T h e  
i n v a d e d  l e a f  t i s s u e  u s u a l l y  t u r n s  t o  a  t a n  o r  p u r p l i s h  b r o w n .  T h e  
b l a c k  s p o t s  a r e  p y c n i d i a  o r  f r u i t i n g  b o d i e s  o f  t h e  f u n g u s ,  a n d  t h e  
s p o r e s  f r o m  t h e m  s e r v e  t o  d i s s e m i n a t e  t h e  o r g a n i s m .  
O t h e r  l e a f - s p o t  d i s e a s e s  o f  c r u c i f e r s  m a y  b e  c o n f u s e d  w i t h  b l a c k ­
l e g ,  b u t  i f  a l l  t h e  s y m p t o m s  d e s c r i b e d  a b o v e  a r e  p r e s e n t  i t  i s  u s u a l l y  
f a i r l y  s a f e  t o  c o n c l u d e  t h a t  b l a c k l e g  i s  c a u s i n g  t h e  t r o u b l e .  
C o n t r o l . - S i n c e  e i t h e r  d i s e a s e d  s e e d  o r  i n f e s t e d  s o i l  m a y  a c c o u n t  
f o r  o u t b r e a k s  o f  b l a c k l e g ,  c o n t r o l  a n d  p r e v e n t i v e  m e a s u r e s  a r e  f a i r l y  
o b v i o u s .  
1 .  S e e d  p r o d u c e d  i n  r e g i o n s  o f  t h e  c o u n t r y  f r e e  f r o m  b l a c k l e g  
s h o u l d  a l w a y s  b e  u s e d  i n  p r e f e r e n c e  t o  s e e d  o f  q u e s t i o n a b l e  o r i g i n .  I f  
t h e  c o m p l e t e  h i s t o r y  o f  t h e  s e e d  i s  n o t  k n o w n ,  t r e a t m e n t  s h o u l d  b e  
a  p p l i e d  a s  o u t l i n e d  o n  p a g e  4 .  
2 .  S e e d b e d  s o i l  n o t  k n o w n  t o  b e  f r e e  o f  t h e  b l a c k l e g  o r g a n i s m  
s h o u l d  b e  t r e a t e d  a s  o u t l i n e d  o n  p a g e s  4 1  t o  4 4 .  
3 .  S p l a s h i n g  t h e  s e e d l i n g s  w h e n  t h e y  a r e  b e i n g  w a t e r e d  s h o u l d  b e  
a v o i d e d  a s  f a r  a s  p o s s i b l e ,  s i n c e  t h e  c a u s a l  o r g a n i s m  m a y  b e  s p r e a d  
f r o m  p l a n t  t o  p l a n t  i n  t h i s  w a y .  T h e  a v o i d a n c e  o f  s p l a s h i n g  i s  e s p e ­
c i a l l y  i m p o r t a n t  i f  a p p a r e n t l y  h e a l t h y  s e e d l i n g s  a r e  b e i n g  u s e d  w h e r e  
t h e  d i s e a s e  h a s  a l r e a d y  m a d e  i t s  a p p e a r a n c e .  
4 .  G e n e r a l  s a n i t a t i o n ,  t o g e t h e r  w i t h  a  t h r e e - y e a r  r o t a t i o n  h a v i n g  
n o  c r u c i f e r s  d u r i n g  t w o  o f  t h e  t h r e e  y e a r s ,  a r e  v e r y  i m p o r t a n t  c o n t r o l  
a s  \ y e l l  a s  p r e v e n t i v e  m e a s u r e s .  
B l a c k  L e a f  S p e c k  
B l a c k  l e a f  s p e c k  i s  t h e  m o s t  c o m m o n  a n d  d e s t r u c t i v e  o f  s e v e r a l  
n o n p a r a s i t i c  d i s e a s e s  w h i c h  a t t a c k  c a b b a g e ,  C h i n e s e  c a b b a g e ,  c a u l i ­
f l o w e r ,  a n d  b r o c c o l i  i n  I l l i n o i s .  T h e  d i s e a s e  u s u a l l y  o c c u r s  u n d e r  
s t o r a g e  c o n d i t i o n s  b u t  h a s  b e e n  o b s e r v e d  i n  s e r i o u s  f o r m  u n d e r  f i e l d  
c o n d i t i o n s  o n  C h i n e s e  c a b b a g e  a n d  c a b b a g e .  B l a c k  l e a f  s p e c k  d o e s  
n o t  d i r e c t l y  r o t  i n f e c t e d  p l a n t  p a r t s  b u t  m a k e s  t h e m  a p p e a r  s o  u n ­
s i g h t l y  a s  t o  n e c e s s i t a t e  e x c e s s i v e  t r i m m i n g  o r  a c t u a l  d i s c a r d i n g .  
C a u s e . - B l a c k  l e a f  s p e c k  i s  a p p a r e n t l y  c a u s e d  b y  c h e m i c a l  c h a n g e s  
w h i c h  t a k e  p l a c e  w i t h i n  t h e  a f f e c t e d  l e a v e s .  T h e  c o n d i t i o n s  n e c e s s a r y  
f o r  t h e s e  c h e m i c a l  c h a n g e s  a r e  b r o u g h t  a b o u t  b y  " p r o l o n g e d  e x p o s u r e  
t o  l o w  t e m p e r a t u r e s  o r  a n  i n a d e q u a t e  o x y g e n  s u p p l y . " l  L o w  t e m p e r a -
I N e l s o n ,  R a y .  S t o r a g e  a n d  t r a n s p o r t a t i o n a l  d i s e a s e s  o f  v e g e t a b l e s  d u e  t o  
s u b o x i d a t i o n .  M i c h .  A g r .  E x p .  S t a .  T e c h .  B u l .  8 1 .  1 9 2 6 .  
29 DISEASES OF CABBAGE AND R ELATED PLANTS 
ture is probably the exciting factor under field conditions. The disease 
is especially common when prolonged low temperatures occur while 
the plants are still growing rapidly. 
Symptoms.-Black leaf speck may be recognized by the occurrence 
of small depressed black specks on any part or all of a given leaf 
(Fig. 14). The spots vary considerably in size but have an average 
diameter about the size of the lead in a pencil. Larger areas are 
often produced by the coalescing of small individual spots. It is quite 
FIG. 14.-BLACK LEAF SPECK ON LEAF OF CHINESE CABBAGE 
Black leaf speck is a disease of nonparasitic origin, and is often quite 
serious in Illinois. The spotting shown here is typical. 
common for the outer few leaves of heads of cabbage, Chinese cabbage, 
or cauliflower to show this disease; but when the trouble occurs in 
serious form the entire head may be affected. 
Control.-The crops susceptible to black leaf speck should be 
stored at temperatures around 35 to 37 ° F. with proper ventilation 
and medium humidity. If they are stored at much higher tempera­
tures, soft rot and other storage diseases are likely to become serious 
problems. At lower temperatures black leaf speck is likely to be 
serious even tho good ventilation is maintained. 
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I N S E C T  P E S T S  A N D  T H E I R  C O N T R O L  
I m p o r t e d  C a b b a g e  W o r m 1  
T h e  i m p o r t e d  c a b b a g e  w o r m  i s  t h e  m o s t  c o m m o n  c a t e r p i l l a r  
f o u n d  o n  c a b b a g e .  I t  i s  v e l v e t y  g r e e n  w i t h  a  f a i n t  o r a n g e  s t r i p e  
d o w n  t h e  m i d d l e  o f  t h e  b a c k  a n d  a  b r o k e n  o n e  a l o n g  e a c h  s i d e .  T h e  
f u l l - g r o w n  w o r m  i s  a b o u t  1  i n c h  l o n g  ( F i g .  1 5 )  .  
I n j u r y . - T h e  i m p o r t e d  c a b b a g e  w o r m  i s  a  c h e w i n g  i n s e c t .  I t  e a t s  
l a r g e  i r r e g u l a r  h o l e s  i n  t h e  o u t e r  l e a v e s  o f  c r u c i f e r s  a n d  o f t e n  b o r e s  
i n t o  t h e  h e a d s  o f  c a b b a g e  a n d  c a u l i f l o w e r ,  w h e r e  i t  e a t s  a n d  d e p o s i t s  
e x c r e m e n t .  
F I G .  1 S . - I M P O R T E D  C A B B A G E  W O R M  
T h e  i m p o r t e d  c a b b a g e  w o r m  i s  t h e  m o s t  c o m m o n  a n d  t h e  m o s t  d e s t r u c t i v e  
o f  t h e  w o r m s  f o u n d  o n  c a b b a g e  i n  I l l i n o i s .  I t  f e e d s  o n  t h e  l e a v e s ,  a n d  i f  n o t  
c o n t r o l l e d  e n t e r s  a n d  d e s t r o y s  t h e  h e a d s  o f  c a b b a g e  a n d  c a u l i f l o w e r .  
C o n t r o l . - I n j u r y  f r o m  c a b b a g e  w o r m s  c a n  b e  p r e v e n t e d  b y  d u s t ­
i n g  o r  s p r a y i n g  w i t h  d e r r i s ,  c u b e ,  p y r e t h r u m ,  o r  a r s e n i c a l s .  T h e  u s e  
o f  a r s e n i c a l s ,  w h i c h  h a s  b e e n  r a t h e r  w i d e s p r e a d  i n  t h e  p a s t ,  s h o u l d  
b e  d i s c o n t i n u e d  b e c a u s e  ( 1 )  a r s e n i c a l  s p r a y  r e s i d u e s  o n  v e g e t a b l e s  
o r  f r u i t  e n d a n g e r  h e a l t h , 2  a n d  ( 2 )  s u i t a b l e  s u b s t i t u t e s  w h i c h  a r e  
e f f e c t i v e  a r e  n o w  a v a i l a b l e  a n d  c a n  b e  o b t a i n e d  a t  a  r e a s o n a b l e  c o s t .  
D e r r i s  a n d  c u b e  a r e  a t  p r e s e n t  t h e  m o s t  e f f e c t i v e  o f  t h e  n o n ­
1  P i e r i s  r a p a e  L .  
2 A t  t h e  d a t e  o f  p r i n t i n g ,  a  s p r a y - r e s i d u e  t o l e r a n c e  o f  . 0 1  g r a i n  o f  a r s e n i c  




) ,  . 0 1 8  g r a i n  o f  l e a d  ( P b ) ,  . 2 1  g r a i n  o f  c o p p e r  ( C u ) ,  a n d  . 0 1  
g r a i n  o f  f l u o r i n  ( F )  p e r  p o u n d  o f  v e g e t a b l e  h a s  b e e n  e s t a b l i s h e d  b y  f e d e r a l  
a n d  s t a t e  a u t h o r i t i e s .  V e g e t a b l e s  o f  a n y  k i n d  i f  o f f e r e d  f o r  s a l e  a n d  i f  s h o w i n g  
r e s i d u e s  i n  e x c e s s  o f  t h e  a b o v e  a m o u n t s  o f  a n y  o f  t h e s e  m a t e r i a l s  a r e  l i a b l e  
t o  s e i z u r e  b y  f e d e r a l  o r  s t a t e  a u t h o r i t i e s .  
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metallic poisons. They have the dual advantage of being highly toxic 
to certain insects and relatively harmless to man. Against cabbage 
worms, these materials are most effective when applied as a dust 
during the late afternoon. This dust should contain at least .5 percent 
of rotenone and should be applied at the rate of 20 to 30 pounds per 
acre. Applications should be made before the worms become abundant 
and repeated at intervals of 10 days to two weeks, or as often as 
necessary to prevent further injury. Unlike metallic poisons, derris 
products are safe to use on crucifers up to the time of cutting. Derris 
sprays, while not commonly recommended, can be used for the control 
of cabbage worms. They should be used according to the directions 
of the manufacturer. 
Pyrethrum, another of the plant poisons, is effective against 
cabbage worms. When mixed at the rate of 1 part of freshly ground 
pyrethrum flowers to 2 or 3 parts of talc, gypsum, or other inert 
carrier, it can be used in the same manner as derris dust described 
above. Pyrethrum sprays, when used, should be mixed according to 
the directions of the manufacturer. 
While the metallic poisons, such as arsenate of lead, paris green, 
calcium arsenate, or the fluosilicates, can be safely used on cabbage 
during the early stages of growth, their use is to be discouraged 
because of the danger of poisonous residues. 
Life History and H abits.-The imported cabbage worm hibernates 
as a pale green to greenish brown pupa or chrysalis, which may be 
found on old cabbage stalks or in sheltered places about the field. 
From the pupa a white butterfly with a wing expanse of about 1~ 
inches emerges in the spring and deposits its eggs on crucifers. The 
newly hatched worms develop rapidly and cause the injury described 
above. During the summer months the full-grown worms transform 
to pupae and emerge as butterflies after about two weeks. Three or 
more generations are produced each year. 
Cabbage Looper l 
The "cabbage looper," as this caterpillar is called, often becomes 
abundant and destructive. It is pale green, striped with light gray 
or white and has a peculiar method of travel, "inching" along in the 
same manner as a measuring worm (Fig. 16). 
Injury.-The cabbage looper is a chewing insect. It feeds on 
crucifers and a number of other wild and cultivated plants. Its feed­
lAutographa brassicae Ril ey, 
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i n g  i s  s i m i l a r  t o  t h a t  o f  t h . e  i m p o r t e d  c a b b a g e  w o r m ,  a n d  t h e  t w o  a r e  
u s u a l l y  f o u n d  o n  t h e  s a m e  p l a n t .  
e o n t r o l . - T h e  c o n t r o l  m e t h o d s  r e c o m m e n d e d  f o r  t h e  i m p o r t e d  
c a b b a g e  w o r m  a r e  e f f e c t i v e  a g a i n s t  t h e  c a b b a g e  l o o p e r .  D u r i n g  s o m e  
s e a s o n s  t h e  l o o p e r s  a r e  h e l d  i n  c h e c k  b y  p a r a s i t e s  a n d  d i s e a s e s .  
L i f e  H i s t o r y  a n d  H a b i t s . - T h e  c a b b a g e  l o o p e r  h i b e r n a t e s  a s  a  
p u p a  w i t h i n  a  f l i m s y  c o c o o n  e i t h e r  o n  t h e  l e a v e s  o f  i n f e s t e d  p l a n t s  
o r  o n  t h e  g r o u n d  n e a r b y .  I n  t h e  s p r i n g  t h e  p u p a  t r a n s f o r m s  t o  a  
d a r k  b r o w n  m o t h  w i t h  a  w i n g  e x p a n s e  o f  a b o u t  1 Y 4  i n c h e s .  T h i s  
m o t h  i s  a c t i v e  a t  n i g h t ,  d e p o s i t i n g  e g g s  o n  t h e  l e a v e s  o f  h o s t  p l a n t s .  
T h e  y o u n g  l o o p e r s ,  w h i c h  h a t c h  i n  a b o u t  1 0  d a y s ,  c a n  b e  d i s t i n g u i s h e d  
F I G .  1 6 . - C A B B A G E  L O O P E R  
C a b b a g e  l o o p e r s ,  s h o w n  a b o v e  f e e d i n g  o n  a  c a b b a g e  l e a f ,  a l s o  a t t a c k  c a u l i ­
f l o w e r  a n d  o t h e r  c r u c i f e r  c r o p s .  T h e y  a r e  c o m m o n l y  f o u n d  f e e d i n g  o n  t h e  
s a m e  p l a n t s  w i t h  i m p o r t e d  c a b b a g e  w o r m s .  
f r o m  o t h e r  c a b b a g e  w o r m s  b y  t h e i r  h a b i t  o f  c r a w l i n g  i n  a  l o o p i n g  o r  
m e a s u r i n g - w o r m  f a s h i o n .  C a b b a g e  l o o p e r s  b e c o m e  f u l l  g r o w n  i n  
a b o u t  t w o  w e e k s ,  a f t e r  w h i c h  t h e y  p u p a t e  a n d  t r a n s f o r m  i n t o  a n  a d u l t  
m o t h .  T h r e e  o r  m o r e  g e n e r a t i o n s  m a y  o c c u r  e a c h  s e a s o n .  
D i a m o n d - B a c k  M o t h  
1  
T h e  l a r v a e  o f  t h e  d i a m o n d - b a c k  m o t h  a r e  t h e  s m a l l e s t  o f  t h e  
c a b b a g e  w o r m s .  T h e y  a r e  l i g h t  g r e e n  a n d  v e r y  a c t i v e ,  w r i g g l i n g  
b a c k w a r d  w h e n  d i s t u r b e d  a n d  s u s p e n d i n g  t h e m s e l v e s  b y  m e a n s  o f  
s i l k e n  t h r e a d s  ( F i g .  1 7 ) .  
I n j u r y . - T h e s e  l a r v a e  a r e  c h e w i n g  i n s e c t s .  T h e y  a r e  m o s t  d e ­
s t r u c t i v e  o n  y o u n g  p l a n t s ,  u s u a l l y  f e e d i n g  f r o m  t h e  u n d e r s i d e  o f  t h e  
l P l u t e l l a  m a c u l i p e n n i s  C u r t .  
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leaves, eating away all but the upper layer of tissue, which soon 
dries out, leaving the leaf full of holes. 
Control.-Injury from diamond-back larvae is usually associated 
with the damage caused by other cabbage worms, and can be pre­
vented by using the same control methods as recommended for 
imported cabbage worms (pages 30 to 31) . 
Life History and Habits.-Unlike the imported cabbage worm and 
the cabbage looper, this insect overwinters in the adult stage in the 
vicinity of plants upon which it fed during the summer. The moth is 
about Y3 inch long with a wing expanse of Ys inch. The wings are 
FIG. 17.-LARVA OF DIAMOND-BACK MOTH 
The lan'a of the diamond-back moth usually feeds from the underside 
of the leaf, leaving uneaten a thin layer of cells which eventually dries and 
falls out. 
light gray \\lith irregular yellow stripes along the upper border of 
each, which form three distinct diamond-shaped markings when the 
wings are closed. The female deposits on the leaves very small yellow­
ish white eggs, which hatch into the active caterpillars described above. 
The caterpillars, when full grown, pupate within thin flimsy cocoons 
which are attached to infested leaves. Several generations may be 
produced each season. 
Cabbage Maggotl 
During cool moist seasons crucifer crops are often attacked by 
small white legless maggots which may cause severe injury or death 
to the plants attacked (Fig. 18) . These are the cabbage maggots. 
Injury.-The cabbage maggot feeds almost entirely in the under­
ground portions of plants, rasping out irregular channels in the large 
roots and stems. Injury may begin in the seedbed or soon after 
transplanting. The maggot feeds at first upon the fine roots and later 
burrows into the main stem. This feeding greatly weakens the plant, 
lHy[,e1n)!ia brassicae Bouche. 
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a l l o w s  t h e  i n t r o d u c t i o n  o f  o r g a n i s m s  o f  d e c a y  a n d ,  i n  s e v e r e  i n f e s t a ­
t i o n s ,  m a y  c a u s e  t h e  d e a t h  o f  t h e  p l a n t .  T h e  w i l t i n g  o f  p l a n t s  d u r i n g  
t h e  h e a t  o f  t h e  d a y  i s  a  g o o d  i n d i c a t i o n  o f  c a b b a g e  m a g g o t  a t t a c k .  
C o n t r o l . - C a b b a g e  m a g g o t  i n j u r y  c a n  b e  p r e v e n t e d  o n  c a b b a g e ,  
c a u l i f l o w e r ,  a n d  c r o p s  o f  t h i s  t y p e  b y  t r e a t i n g  w i t h  a  s o l u t i o n  o f  c o r ­
r o s i v e  s u b l i m a t e  ( m e r c u r i c  c h l o r i d )  a t  t h e  r a t e  o f  1  o u n c e  o f  t h e  
p o i s o n  t o  1 0  g a l l o n s  o f  w a t e r .  
F I G .  1 8 . - R o O T S  O F  C H I N E S E  C A B B A G E  I N J U R E D  B Y  C A B B A G E  M A G G O T S  
C a b b a g e  m a g g o t s ,  i n  a d d i t i o n  t o  d e s t r o y i n g  t h e  f i n e  r o o t s ,  a l s o  a t t a c k  t h e  
m a i n  r o o t ,  c a u s i n g  a f f e c t e d  p l a n t s  t o  w i l t  o r  d i e .  
T h e  c o r r o s i v e  s u b l i m a t e  s h o u l d  b e  d i s s o l v e d  i n  a  s m a l l  q u a n t i t y  o f  
w a r m  w a t e r  i n  a  w o o d e n ,  g l a s s ,  o r  e a r t h e n w a r e  r e c e p t a c l e  a n d  t h e n  
d i l u t e d  a s  d i r e c t e d  a b o v e .  T h e  s t e m  o f  e a c h  p l a n t  a n d  t h e  s o i l  a r o u n d  
i t  s h o u l d  b e  t h o r o l y  w e t  w i t h  t h e  s o l u t i o n .  T h e  f i r s t  a p p l i c a t i o n  s h o u l d  
b e  m a d e  a  d a y  o r  t w o  a f t e r  e g g s  b e c o m e  a b u n d a n t  d u r i n g  A p r i l  o r  
M a y ,  a n d  a  s e c o n d  a p p l i c a t i o n  s h o u l d  b e  m a d e  a  w e e k  l a t e r .  I f  t h e  
w e a t h e r  i s  c o o l  a n d  d a m p - c o n d i t i o n s  v e r y  f a v o r a b l e  t o  t h e  m a g g o t ­
a  t h i r d  a p p l i c a t i o n  m a y  b e  n e c e s s a r y  f o r  t h e  b e s t  r e s u l t s .  
A  k n a p s a c k  s p r a y e r  w i t h  a  l e a d  o f  h o s e  w i t h o u t  t h e  n o z z l e  m a y  b e  
u s e d  t o  a p p l y  t h e  s o l u t i o n .  F o r  l a r g e - s c a l e  o p e r a t i o n ,  a  b a r r e l  w i t h  
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two leads of hose without nozzles can be used, having one man to 
direct the solution on the plants. A transplanter from which the 
furrow opener and packing wheels have been removed can also be 
used for this purpose if wheels are supplied in front to steady the 
machine. An extension on the watering hose in the hands of an 
operator seated as for transplanting will enable him to regulate the 
flow of the solution. As a rule, cabbage plants which are transplanted 
late in the season do not need to be treated. 
Seedbeds can be protected from maggot injury by covering them 
with cheap, loosely woven cheesecloth which has at least 25 threads 
to the inch. No satisfactory treatment is known for protecting radishes 
or turnips grown commercially from the attack of this maggot. Side­
dressing with nitrate of soda or ammonium sulfate promotes vigorous 
plant growth, and in consequence sometimes aids materially in the 
reduction of injury from a light maggot attack. 
Life Hist.ory and Habits.-The cabbage maggot overwinters in a 
brown pupal case at a depth of 1 to 5 inches in the soil. The pupal 
case is shaped somewhat like a grain of wheat and is about ~ inch 
long. From this the fly emerges in the early spring. The female lays 
her eggs on the ground near the base of the plant, or in cracks and 
crevices in the soil nearby, and in about a week the white legless 
maggots described above are hatched. They become full grown in 
about three '~Teeks , and then pupate and transform to the adult stage. 
Cabbage Aphids1 
Cabbage aphids are small soft-bodied insects commonly found in 
close clusters (Fig. 19) on the leaves of cruciferous crops. They vary 
in color from green to gray or powdery blue. 
Injury.-Cabbage aphids feed entirely on plant sap, which they 
extract by means of their needle-like beaks. Infested plants become 
distorted in appearance and stunted in growth. One or two aphids 
feeding on the tender leaves near the heart of young plants will 
permanently retard growth. The feeding of aphids curls the leaves 
and renders the plant unattractive and often unmarketable. Control 
methods should be begun before this injury occurs. 
Control.-A 2.4-percent nicotine dust applied so as to cover both 
upper and lower surfaces of the leaves and come in actual contact 
with the aphids is effective if applied when the temperature is above 
70 0 F. and the atmosphere fairly quiet. Nicotine dust is not effective 
lRhopalosiphum pse~tdobrassicae Davis, and Bre'l'icor}'nae brassicae L. 
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w h e n  a p p l i e d  o n  w e t  p l a n t s .  A  s p r a y  m a d e  a c c o r d i n g  t o  o n e  o f  t h e  
f o l l o w i n g  f o r m u l a s  i s  v e r y  e f f e c t i v e  a g a i n s t  c a b b a g e  a p h i d s  i f  t h o r o l y  
a p p l i e d  b e f o r e  t h e  a p h i d s  b e c o m e  n u m e r o u s :  
¥ 3  p i n t  n i c o t i n e  s u l f a t e  
3  p o u n d s  l a u n d r y  o r  p o t a s h  f i s h - o i l  s o a p  
5 0  g a l l o n s  w a t e r  
o r  
¥ 3  p i n t  n i c o t i n e  s u l f a t e  
1  q u a r t  p e n e t r o l  
5 0  g a l l o n s  w a t e r  
T h e  s p r a y  s h o u l d  b e  r e p e a t e d  a f t e r  1  o r  2  d a y s .  W h e r e  p o w e r  
m a c h i n e r y  i s  a v a i l a b l e ,  t h e  s p r a y  s h o u l d  b e  a p p l i e d  a t  t h e  r a t e  o f  1 0 0  
t o  1 2 5  g a l l o n s  a n  a c r e  a t  a  p r e s s u r e  o f  n o t  l e s s  t h a n  2 0 0  p o u n d s .  
F I G .  1 9 . - C a b b a g e  A p h i d s  F e e d i n g  o n  U n d e r s i d e  o f  O l d  C a b b a g e  L e a f  
T h e  l e a v e s  o f  y o u n g e r  p l a n t s  s o m e t i m e s  b e c o m e  b a d l y  c u r l e d  a s  a  r e s u l t  
o f  t h e  f e e d i n g  o f  a p h i d s .  T h e  h o l e s  i n  t h i s  o l d  l e a f  w e r e  c a u s e d  b y  c a b b a g e  
w o r m s .  
Y o u n g  c a b b a g e  a n d  c a u l i f l o w e r  p l a n t s  w h i c h  a r e  i n f e s t e d  i n  t h e  h o t ­
b e d  o r  c o l d  f r a m e  s h o u l d  b e  d i p p e d ,  b e f o r e  t r a n s p l a n t i n g ,  i n  a  s o l u t i o n  
o f  1 Y z  t e a s p o o n s  o f  n i c o t i n e  s u l f a t e ,  1  c u b i c  i n c h  o f  l a u n d r y  s o a p  o r  
4  t e a s p o o n s  o f  p e n e t r o l ,  i n  1  g a l l o n  o f  w a t e r .  E v e r y  p l a n t  d i p p e d  
s h o u l d  b e  t h o r o l y  w e t  b e f o r e  i t  i s  p l a n t e d .  
L i f e  H i s t o r y  a n d  H a b i t s . - C a b b a g e  a p h i d s  o v e r w i n t e r  a s  e g g s  
d e p o s i t e d  o n  t h e  o l d  s t a l k s  o f  t h e i r  h o s t  p l a n t s .  T h e  a p h i d s  h a t c h i n g  
f r o m  t h e s e  e g g s  i n  t h e  s p r i n g  r e a c h  m a t u r i t y  a f t e r  t w o  o r  t h r e e  w e e k s .  
T h e y  g i v e  b i r t h ,  w i t h o u t  m a t i n g ,  t o  l i v i n g  y o u n g  w h i c h  d e v e l o p  a s  
w i n g e d  o r  w i n g l e s s  f e m a l e s .  T h e  w i n g e d  s p e c i m e n s  m a y  f l y  t o  o t h e r  
c r o p s  w h e r e  t h e y  f e e d  a n d  r e p r o d u c e .  A s  m a n y  a s  1 6  g e n e r a t i o n s  
m a y  b e  p r o d u c e d  i n  o n e  s e a s o n .  
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Cutworms! 
Cutworms consist of a large number of species of sleek, sparsely 
haired, dull-colored caterpillars (Fig. 20) which are troublesome at 
one point or another in Illinois every year. 
lnjury.-These pests are chewing insects, attacking practically all 
the garden crops. They cut off the stems of growing plants at or 
near the soil surface, consume the foliage and fruit, and feed on the 
roots, frequently destroying more of a plant than they actually con-
FIG. ZO.-EGG, LARVA, AND ADULT STAGES OF THE CUTWORM 
ewly hatched cutworms are usually darker and more hairy than mature 
ones. They become full grown after feeding for about a month (b, c, d), after 
which they change into pupae, and remain in this stage about two weeks. They 
then become moths (a), ready to lay eggs (e, egg much enlarged; I, egg mass) 
to start a new generation. 
sume. The injury caused by these worms is usually most noticeable 
during the early growing season, when they cut off young plants in 
the hotbed or in the garden and field. The armyworm is a common 
leaf-feeder. 
Control.-Cutworms or armyworms that feed at or above the soil 
surface can be effectively controlled with poison-bran bait (page 44) . 
The bait should be evenly distributed over the soil after sunset at the 
rate of 8 to 10 pounds an acre. Bait applied earlier in the day dries 
out and becomes less attractive to the cutworms. Land that is known 
ISeveral species of N octuidae. 
I  
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t o  b e  i n f e s t e d  s h o u l d  b e  b a i t e d  f o r  s e v e r a l  c o n s e c u t i v e  n i g h t s  b e f o r :  
a  c r o p  i s  p l a n t e d  a n d  a f t e r w a r d s  i f  n e c e s s a r y .  
T h e  b l a c k  c u t w o r m  a n d  o t h e r s  t h a t  f e e d  u n d e r g r o u n d  c a n n o t  
c o n t r o l l e d  b y  t h e  u s e  o f  p o i s o n - b r a n  b a i t .  L a n d  o n  w h i c h  t r u c k  0  
g a r d e n  c r o p s  a r e  g r o w n  s h o u l d  b e  k e p t  f r e e  o f  w e e d s  a n d  g r a s  
e s p e c i a l l y  d u r i n g  t h e  f a l l  m o n t h s ,  i n  o r d e r  t o  p r e v e n t  e g g - l a y i n g  b  
c u t w o r m  m o t h s .  C r o p s  p l a n t e d  o n  s o d  l a n d  a r e  s u b j e c t  t o  s e v e r '  
i n j u r y  f r o m  c u t w o r m s  u n l e s s  t h e  s o d  i s  b r o k e n  d u r i n g  t h e  l a t e  s u m  
m e r  o r  e a r l y  f a l l  a n d  k e p t  c l e a n  d u r i n g  t h e  r e s t  o f  t h e  g r o w i n  
s e a s o n .  
I n  a  s m a l l  g a r d e n  c u t w o r m s  c a n  b e  d u g  o u t  b y  h a n d ,  o r  s m a  
p l a n t s  c a n  b e  p r o t e c t e d  b y  t i n  o r  c a r d b o a r d  c y l i n d e r s  p r e s s e d  i n t o  t h  
s o i l  a r o u n d  t h e  p l a n t s .  
L i f e  H i s t o r y  a n d  H a b i t s . - M o s t  c u t w o r m s  s p e n d  t h e  w i n t e r  a  
p a r t l y  g r o w n  o r  m a t u r e  c a t e r p i l l a r s  i n  t h e  s o i l ,  i n  c l u m p s  o f  g r a s s ,  0  
u n d e r  t r a s h  a n d  r u b b i s h  l e f t  i n  t h e  f i e l d .  F e e d i n g  b e g i n s  i n  t h  
s p r i n g  a n d  c o n t i n u e s  u n t i l  t h e  w o r m s  a r e  m a t u r e ,  a t  w h i c h  t i m e  t h e  
e n t e r  t h e  s o i l ,  c h a n g e  t o  b r o w n ,  s h u t t l e - s h a p e d  p u p a e  a n d  l a t e r  t  
a d u l t  m o t h s .  
T h e  d u l l - c o l o r e d  m o t h s  a r e  s e l d o m  s e e n  d u r i n g  t h e  d a y .  T h e  
f l y  a t  n i g h t  a n d  a r e  o f t e n  a t t r a c t e d  t o  l i g h t s .  T h e  f o r e  w i n g s  o f  m o s  
s p e c i e s  a r e  d a r k  b r o w n ,  s t r e a k e d  o r  m o t t l e d  w i t h  y e l l o w ,  g r a y ,  b r o w n  
o r  b l a c k .  T h e  h i n d  w i n g s  a r e  d a r k e r  a n d  n o t  s o  d i s t i n c t l y  m a r k e d .  
T h e  e g g s  a r e  u s u a l l y  l a i d  o n  g a r d e n  p l a n t s ,  g r a s s e s ,  o r  w e e d s  
T h e  y o u n g  c u t w o r m s ,  f o r  a  f e w  d a y s  a f t e r  t h e y  h a t c h  f r o m  t h e  e g g s  
a r e  u s u a l l y  d a r k e r  a n d  m o r e  h a i r y  t h a n  m a t u r e  o n e s .  D u r i n g  t h  
s u m m e r  t h e y  f e e d  f o r  a b o u t  o n e  m o n t h  b e f o r e  b e c o m i n g  f u l l  g r o w n  
O n e  o r  m o r e  g e n e r a t i o n s  i s  p r o d u c e d  e a c h  y e a r .  
H a r l e q u i n  B u g
l  
T h e  n y m p h s  a n d  a d u l t s  o f  t h e  h a r l e q u i n  b u g  a r e  v e r y  c o n s p i c u o u  
b e c a u s e  o f  t h e i r  b r i g h t  m a r k i n g s  o f  y e l l o w ,  o r a n g e ,  a n d  r e d  m i n g l e  
w i t h  b l a c k .  T h e s e  i n s e c t s  a r e  f l a t ,  s h i e l d  s h a p e d ,  a n d  h a v e  a v e r  
o f f e n s i v e  o d o r  c h a r a c t e r i s t i c  o f  t h e  s t i n k  b u g s .  
I n j u r y . - T h e  h a r l e q u i n  b u g  i s  a  s u c k i n g  i n s e c t .  B o t h  t h e  n y m p h  
a n d  a d u l t s  a c c o m p l i s h  t h e i r  w o r k  o f  d e s t r u c t i o n  b y  s u c k i n g  t h e  s a  
f r o m  t h e  l e a v e s  a n d  v e i n s  o f  c a b b a g e ,  c a u l i f l o w e r ,  h o r s e - r a d i s h ,  a n  
o t h e r  g a r d e n  c r o p s .  B a d l y  i n f e s t e d  p l a n t s  w i l t ,  w i t h e r ,  a n d  d i e  a s  i  
s w e p t  b y  f i r e .  
I M u r g a n t i a  h i s t r i o n i c a  H a h n .  
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In northern Illinois this insect is not a pest, but from St. Louis 
south severe damage is inflicted by it. 
Control.-The harlequin bug is difficult to control because even 
tho a sucking insect it is resistant to contact insecticides. A clean-up 
program is particularly needed if this insect is abundant. After the 
crop is harvested, all remaining parts of the plant should be plowed 
under or collected and destroyed. Overgrown fence rows or rank 
weed patches should be reduced to a minimum by cutting and burning 
and, where possible, by plowing. 
Because of their bright colors and easy detection, hand-picking of 
the bugs is practical in the home garden. To be effective this must be 
done at the start of the season before the eggs are laid. 
A strong nicotine solution-1 pint of 40-percent nicotine sulfate 
in 2S gallons of water containing 2 pounds of dissolved soap or 1 
pint of Penetrol-will kill many of the nymphs but will have little 
effect on the adults. There is, however, some danger of burning the 
young plants with a solution of this strength. 
In carrying out the foregoing recommendations the cooperation of 
neighbors is necessary for the best results, regardless of the method 
of control employed. 
Life History and H abits.-The harlequin bug passes the winter 
in the adult stage hidden under trash and rubbish. It is a little less 
than 1'2 inch long and vividly colored. The eggs are about 1f2o inch 
long, nearly cylindrical , and flattened at both ends. They have the 
general appearance of small white kegs encircled with black hoops, 
with black spots set in the proper position for bung holes. The 
nymphs, when first hatched, are pale green with black markings. After 
the first molt they become brightly colored with black, orange, yellow, 
and red. Several generations occur annually. 
Flea Beetles! 
Flea beetles are very common pests on crucifer crops. They are 
very active, small black or black-and-yellow-striped beetles (Fig. 21 ) 
which jump readily from the plants when disturbed. 
Injury.-Flea beetles are chewing insects. They eat numerous 
small holes in the leaves of their food plants, causing them to look as 
if they had been peppered with shot. Seedlings are subject to severe 
injury during the time they are in hotbeds or cold frames. The 
larvae may attack the roots and underground stems of plants upon 
lPsylliodes pUHctuiata :'1elsh., Phyllotreta 'vittaia Fab., and P . annoraciae 
Koch. 
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w h i c h  t h e  b e e t l e s  f e e d ,  b u t ,  a s  a  r u l e ,  t h e y  a r e  n o t  a s  i n j u r i o u s  a s  a r e  
t h e  b e e t l e s  t h e m s e l v e s .  F e e d i n g  m a y  c o n t i n u e  t h r u o u t  t h e  g r o w i n g  
s e a s o n .  
M o s t  f l e a  b e e t l e s  f e e d  o n  a l l  t h e  c r u c i f e r o u s  p l a n t s ,  b u t  h o r s e ­
r a d i s h  a n d  m a r s h  c r e s s  a r e  t h e  o n l y  p l a n t s  o n  w h i c h  t h e  h o r s e - r a d i s h  
f l e a  b e e t l e  i s  k n o w n  t o  f e e d .  
F I G .  2 1 . - A D u L T  A N D  L A R V A  O F  C A B B A G E  F L E A  B E E T L E  
T h e  c a b b a g e  f l e a  b e e t l e  i s  t h e  m o s t  c o m m o n  a n d  d e s t r u c t i v e  f l e a  b e e t l e  
f o u n d  o n  c a b b a g e  a n d  r e l a t e d  c r o p s .  
C o n t r . o l . - D u s t i n g  i n f e s t e d  p l a n t s  w i t h  1 6 - 6 4 - 2 0  c o p p e r  d u s t  
( p a g e  4 7 )  o r  s p r a y i n g  w i t h  b o r d e a u x  m i x t u r e  w i l l  p r e v e n t  i n j u r y  
f r o m  f l e a  b e e t l e s .  B a r i u m  o r  c a l c i u m  f l u o s i l i c a t e ,  w h e n  u s e d  a s  d i ­
r e c t e d  b y  t h e  m a n u f a c t u r e r  o f  t h e s e  m a t e r i a l s ,  i s  v e r y  e f f e c t i v e  a g a i n s t  
f l e a  b e e t l e s  o n  y o u n g  s e e d l i n g s .  T h e y  s h o u l d  n o t ,  h o w e v e r ,  b e  u s e d  
o n  o l d e r  p l a n t s .  S c r e e n i n g  a  h o t b e d  o r  c o l d  f r a m e  w i t h  c h e e s e c l o t h ,  
a s  f o r  t h e  c a b b a g e  m a g g o t  ( p a g e  3 5 ) ,  w i l l  a f f o r d  p r o t e c t i o n  f r o m  t h e s e  
p e s t s .  
L i f e  H i s t o r y  a n d  H  a b i t s . - C a b b a g e  a n d  h o r s e - r a d i s h  f l e a  b e e t l e s  
c o m m o n l y  s p e n d  t h e  w i n t e r  a s  a d u l t s  u n d e r  c r o p  r e m n a n t s  o r  o t h e r  
d e b r i s  i n  o r  n e a r  i n f e s t e d  f i e l d s .  T h e y  e m e r g e  i n  e a r l y  s p r i n g  a n d  
d e p o s i t  e g g s  i n  t h e  s o i l  n e a r  h o s t  p l a n t s .  H e r e  t h e  y o u n g  g r u b s  f e e d  
o n  t h e  r o o t s  a n d  s t e m s .  P u p a t i o n  t a k e s  p l a c e  i n  t h e  s o i l .  S e v e r a l  
g e n e r a t i o n s  a r e  p r o d u c e d  e a c h  y e a r .  
O t h e r  I n s e c t  P e s t s  
L e a f  m i n e r s  o f t e n  c a u s e  d a m a g e  t o  y o u n g  c a b b a g e  a n d  c a u l i f l o w e r  
p l a n t s .  T h e s e  m a g g o t s ,  t h e  y o u n g  o f  s m a l l  f l i e s ,  w o r k  i n  t h e  l e a v e s  
b e t w e e n  t h e  t w o  l e a f  s u r f a c e s .  T h e  i n s i d e  o r  f l e s h y  p a r t  o f  t h e  l e a f  i s  
e a t e n  a w a y  a s  t h e  m a g g o t s  t r a v e l  i r r e g u l a r l y  t h r u  t h e  l e a f .  T h i s  f e e d ­
i n g  g r e a t l y  w e a k e n s  a n d  m a y  d e f o r m  t h e  p l a n t s .  C a u l i f l o w e r  l o s s e s  
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are sometimes heavy. TO practical control measures are known. If the 
attack continues after the plants are set in the field, however, a light 
application of nitrate of soda will serve to push the plants ahead of 
the leaf miners. 
Onion thrips sometimes cause serious injury to cabbage, particu­
larly if the cabbage field borders on a field of onion sets or early 
onions. When the onions are harvested, the thrips move over to the 
cabbage and the loss of several acres of cabbage frequently results. 
Such a loss can be avoided by separating the crops and, if necessary, 
spraying or dusting the cabbage as for cabbage aphids at the time the 
thrips are migrating. 
White grubs and vvireworms sometimes cause damage to cabbage 
and related crops, but they are in general relatively minor pests on 
these crops. See Circular 437 of this Station, "Saving Garden Crops 
From Insect Injury" for methods of controlling these pests. 
SOIL STERILIZATION METHODS 
There are many methods by which soil may be effectively treated 
to rid it of infestation by diseases and insect pests, but only the most 
practical inexpensive methods are discussed here. 
Steam Sterilization 
Steam sterilization of soil, when properly done, affords effective 
control of all soil-borne diseases, nematodes, insects, and weeds. After 
sterilizing with steam, it is advisable to wait about a week or ten days 
before planting. This interval permits the restoration of normal soil 
flora, which is very desirable for good plant growth, and it also 
allows time for a dissipation and readjustment of certain chemicals 
produced during treatment. In all methods of steam sterilization the 
soil should be fair ly wet before treatment so that heat may penetrate 
the soil more easily and quickly. 
Tile Method of Applying Steam.-The most modern and efficient 
method of sterilizing the soil in greenhouse ground beds is by steam­
ing with tile lines. If the soil is tiled for drainage, the same lines 
may be used for steaming provided they are close enough together. 
The best results have been obtained by using 4-inch tile laid in parallel 
lines 24 inches apart and at a soil depth of about 15 inches. The steam 
should be turned into the tile lines at 15 to 25 pounds pressure. 
The time required to give satisfactory results varies between 2 and 
4 hours. Covering the soil with such material as canvas or boards 
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w i l l  s h o r t e n  t h e  t i m e  r e q u i r e d .  T h e  p r o c e s s  m a y  b e  c o n s i d e r e d  c o m ­
p l e t e  w h e n  a  m e d i u m - s i z e d  p o t a t o ,  p l a c e d  a b o u t  3  i n c h e s  u n d e r  t h e  
s u r f a c e  o f  t h e  s o i l  b e t w e e n  t h e  t w o  t i l e  l i n e s ,  i s  w e l l  c o o k e d .  
I f  t h e  e n t i r e  a r e a  i s  n o t  s i m u l t a n e o u s l y  t r e a t e d ,  e x t r a  c a r e  m u s t  b e  
t a k e n  t o  p r e v e n t  c o n t a m i n a t i o n  o f  t h e  s t e r i l i z e d  s o i l  b y  t h e  u n t r e a t e d  
s o i l .  T h e  e n t i r e  a r e a  o f  a n y  g i v e n  u n i t ,  i n c l u d i n g  w a l k s ,  m u s t  b e  
t r e a t e d  i n  o r d e r  t o  p r e v e n t  c o n t a m i n a t i o n .  
P i p e  i l l e t h o d  o f  A p p l y i n g  S t e a m . - T h e  p i p e  m e t h o d  i s  e s s e n t i a l l y  
t h e  s a m e  a s  t h e  t i l e  m e t h o d  a n d  i s  e s p e c i a l l y  a d a p t e d  t o  r a i s e d  b e n c h e s ,  
b u t  m a y  a l s o  b e  u s e d  f o r  g r o u n d  b e d s .  C a r e  m u s t  b e  t a k e n  t o  p r e v e n t  
c o n t a m i n a t i o n  o f  t h e  t r e a t e d  s o i l  i n  g r o u n d  b e d s  w h e n  t h e  l i n e s  a r e  
m o v e d .  T h e  p i p i n g  s h o u l d  b e  1  Y z  t o  2  i n c h e s  i n  d i a m e t e r  a n d  b o r e d  
w i t h  % 6  i n c h  h o l e s  a t  i n t e r v a l s  o f  o n e  f o o t .  T h e  p i p i n g ,  l a i d  w i t h  t h e  
h o l e s  d o w n ,  i s  p l a c e d  i n  t h e  g r o u n d  a b o u t  1 5  i n c h e s  d e e p  a n d  a b o u t  
1 8  i n c h e s  a p a r t .  P i p i n g  i n  b e n c h e s  s h o u l d  b e  p l a c e d  a b o u t  1  i n c h  f r o m  
t h e  b o t t o m  o f  t h e  b e n c h  a n d  1 5  i n c h e s  a p a r t .  T h e  l e n g t h  o f  t r e a t m e n t  
a n d  m e t h o d  o f  d e t e r m i n i n g  t h e  c o m p l e t e n e s s  o f  t h e  j o b  a r e  t h e  s a m e  
a s  i n  t h e  t i l e  m e t h o d .  
T h e  p i p i n g  m a y  b e  i n s t a l l e d  a s  a  p e r m a n e n t  f i x t u r e ,  b u t  m o s t  
g r o w e r s  p r e f e r  t o  r e m o v e  i t  a f t e r  e a c h  s t e r i l i z a t i o n - a  p r a c t i c e  w h i c h  
p r e v e n t s  r a p i d  d e t e r i o r a t i o n  o f  t h e  p i p e s .  T h e  p i p e s  a r e  r e m o v e d  
e a s i l y  i f  w i r e s  a r e  f a s t e n e d  a t  1 5 - o r  2 0 - f o o t  i n t e r v a l s  w h e n  t h e  l i n e s  
a r e  b e i n g  l a i d .  T h e  w i r e s  s h o u l d  e x t e n d  a b o v e  t h e  s o i l  s u r f a c e  f a r  
e n o u g h  t o  b e  r e a d i l y  a c c e s s i b l e .  T h e  s o i l  s h o u l d  b e  c o v e r e d ,  d u r i n g  
t r e a t m e n t ,  w i t h  c a n v a s ,  p a p e r ,  b u r l a p ,  o r  b o a r d s .  T h i s  p r a c t i c e  
s h o r t e n s  m a t e r i a l l y  t h e  t i m e  r e q u i r e d  t o  d o  t h e  s t e r i l i z i n g .  
P a n  M e t h o d  o f  A p p l y i n g  S t e a m . - T h e  i n v e r t e d - p a n  m e t h o d  i s  a l s o  
a  r e l i a b l e  m e t h o d  o f  a p p l y i n g  s t e a m  t o  t h e  s o i l  a n d  i s  e s p e c i a l l y  
a d a p t e d  t o  s t e r i l i z i n g  t h e  s o i l  i n  b e n c h e s  a n d  f i a t s .  I t  m a y  a l s o  b e  u s e d  
o n  g r o u n d  b e d s  i f  t h e  a r e a  t o  b e  t r e a t e d  i s  s m a l l  a n d  t h e  s o i l  w e l l  
l o o s e n e d  b e f o r e  t r e a t m e n t .  T h e  p a n  m a y  b e  a n y  d e s i r e d  s h a p e  i n  
o r d e r  t o  f i t  a  g i v e n  w i d t h  b e n c h  o r  g r o u n d  a r e a .  I t  s h o u l d  b e  a t  l e a s t  
8  i n c h e s  d e e p  a n d  p r e s s e d  f i r m l y  i n t o  p o s i t i o n  b e f o r e  s t e a m i n g .  T h e  
t o t a l  s u r f a c e  a r e a  o f  t h e  p a n  s h o u l d  n o t  e x c e e d  7 5  s q u a r e  f e e t .  F i v e  
p o u n d s  o f  s t e a m  p r e s s u r e  i s  s u f f i c i e n t  f o r  t h i s  m e t h o d .  
F o r  s t e r i l i z a t i o n  o f  s o i l  i n  f i a t s  t h e  m a t e r i a l  t o  b e  t r e a t e d  i s  p l a c e d ,  
f i a t s  a n d  a l l ,  u n d e r  t h e  p a n .  T h e  p r o c e s s  i n  f i a t s  a n d  b e n c h e s  i s  u s u a l l y  
c o m p l e t e  a f t e r  1  t o  2  h o u r s  o f  s t e a m i n g ,  b u t  a l m o s t  t w i c e  t h i s  t i m e  i s  
r e q u i r e d  f o r  g r o u n d - b e d  s t e r i l i z a t i o n .  I f  a  p o t a t o  i s  u s e d  a s  a n  i n d i ­
c a t o r ,  i t  s h o u l d  b e  p l a c e d  o n  t h e  b o t t o m  o f  t h e  b e n c h  o r  a t  t h e  r e q u i r e d  
s o i l  d e p t h  i n s t e a d  o f  a  f e w  i n c h e s  b e l o w  t h e  s u r f a c e  o f  t h e  s o i l .  
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Boiling-Water Treatment 
Soil treatment with boiling water is often practical and efficient 
when the total area to be treated is small. It is especially useful as 
a sterilization process for benches and fiats but cannot be relied upon 
to control nematodes completely unless the soil is in benches or fiats. 
The treatment is most effective if the soil is dried out and spaded be­
fore the boiling water is added. 
At least 7 gallons of boiling water are required to treat one square 
foot of soil in benches and about half that amount for the average 
size flat. When benches are treated, they should be sectioned off so 
that when the 7 gallons of water per square foot are added, the entire 
area will be evenly covered. As soon as the water has seeped thru 
the soil, the bench should be covered with canvas, paper, burlap, or 
boards to help hold the heat. 
Formaldehyde Treatment 
Formaldehyde and some of its chemical derivatives may be em­
ployed in sterilizing soil. This method, however, should not be used 
when the soil to be treated is known to be in fested with parasitic ne­
matodes, since formaldehyde is not effective in controlling them. 
Liquid M ethod.-With this method the soil should be treated in the 
same manner as described for the boiling-water treatment. The solu­
tion is made by diluting 1 pound (1 pint) of commercial formaldehyde 
(Formalin) in 20 gallons of water. The diluted solution is then ap­
plied to the soil until it is saturated. Saturation usually requires about 
lYz gallons per square foot of soil surface, tho the exact amount 
varies ~ith the depth of the soil. For best results the soil should be 
dried out and loosened before treatment and covered after treatment 
with canvas, paper, burlap, or boards. Seeds or plants must not be 
placed in the treated soil for ten days or two weeks after application 
has been made. 
Dust Method.-This method is very satisfactory for use in benches, 
fiats, or pots but has not given uniformly good results in ground beds. 
Formaldehyde dust may be purchased from reliable chemical com­
panies or it may be made as follows: J\1ix thoroly 15 parts by weight 
commercial formaldehyde (40 percent), with 85 parts by weight 
dried infusorial or diatomaceous earth, dried sifted muck, or ground 
charcoal. Sift or screen to remove lumps, and store, until it is to be 
used, in an airtight container to prevent loss of the formaldehyde. 
The material should not be made more than a few days before it is 
to be used, for if the gas escapes the dust is of little value. 
4 4  
C I R C U L A R  N o .  4 5 4  
F o r m a l d e h y d e  d u s t  s h o u l d  b e  u s e d  a t  t h e  r a t e  o f  6  t o  8  o u n c e s  
p e r  c u b i c  f o o t  o f  s o i l .  I t  s h o u l d  b e  e v e n l y  d u s t e d  o n  t h e  s o i l  s u r f a c e  
a n d  t h e n  t h e  s o i l  a n d  d u s t  s h o u l d  i m m e d i a t e l y  b e  m i x e d  t h o r o l y  b y  
s h o v e l i n g  t h e  s o i l  o v e r  s e v e r a l  t i m e s .  I m m e d i a t e l y  a f t e r  m i x i n g ,  t h e  
s o i l  s h o u l d  b e  w a t e r e d  t h o r o l y .  C r u c i f e r  s e e d s  o r  p l a n t s  s h o u l d  n o t  
b e  s e t  i n  t r e a t e d  s o i l  b e f o r e  7 2  h o u r s  a f t e r  t h e  d u s t  h a s  b e e n  a p p l i e d .  
I N S E C T I C I D E S  A N D  F U N G I C I D E S  
I n s e c t i c i d e s  a n d  f u n g i c i d e s  a r e  e s s e n t i a l  t o  t h e  c o n t r o l  o f  i n s e c t  
p e s t s  a n d  d i s e a s e s  o f  v e g e t a b l e  c r o p s ,  b u t  t h e y  m u s t  b e  u s e d  w i t h  
c a u t i o n ,  f o r  e x c e s s i v e  o r  c a r e l e s s  a p p l i c a t i o n s  o n  v e g e t a b l e s  m a y  
e n d a n g e r  h u m a n  h e a l t h  o r  e v e n  l i f e .  S u c h  p o i s o n s  a s  a r s e n a t e  o f  
l e a d  a n d  t h e  f l u o s i l i c a t e s  a r e  n o t  r e c o m m e n d e d  f o r  c r o p s  t h e  t r e a t e d  
p o r t i o n s  o f  w h i c h  a r e  t o  b e  e a t e n .  F o r  s u c h  c r o p s  s u i t a b l e  s u b s t i t u t e  
p o i s o n s  a r e  a v a i l a b l e .  
I n  s e l e c t i n g  a  f u n g i c i d e  o r  a n  i n s e c t i c i d e  g r o w e r s  m u s t  c o n s i d e r ,  
b e s i d e s  h u m a n  s a f e t y ,  t h e  e f f e c t i v e n e s s  o f  t h e  p o i s o n  f o r  t h e  p u r p o s e  
i n t e n d e d  a n d  t h e  s u s c e p t i b i l i t y  o f  t h e  c r o p  t o  s p r a y  i n j u r y .  D i f f e r e n t  
g r o u p s  o f  i n s e c t s  a n d  d i s e a s e s  m u s t  b e  c o n t r o l l e d  b y  d i f f e r e n t  p o i s o n s ;  
a n d ,  s i n c e  c r o p s  v a r y  i n  s u s c e p t i b i l i t y  t o  s p r a y  i n j u r y ,  d i f f e r e n t  
p o i s o n s  m a y  b e  r e q u i r e d  f o r  t h e  s a m e  p a r a s i t e  o c c u r r i n g  o n  d i f f e r e n t  
c r o p s .  
T h e r e  a r e  a  n u m b e r  o f  g o o d  i n s e c t i c i d e s  a n d  f u n g i c i d e s  o n  t h e  
m a r k e t  t h a t  m e e t  t h e  a b o v e  c o n d i t i o n s ,  t h o  t h e r e  a r e  m o r e  t h a t  a r e  
o f  l i t t l e  o r  n o  v a l u e  a n d  t h e  u s e  o f  w h i c h  m e a n s  w a s t e  o f  p u r c h a s e  
m o n e y  a n d  l o s s  o f  c r o p .  
T h e  l o s s  o f  t h o u s a n d s  o f  d o l l a r s  e v e r y  y e a r  i n  u n s u c c e s s f u l  a t ­
t e m p t s  t o  c o n t r o l  i n s e c t s  a n d  d i s e a s e s  o n  v e g e t a b l e  c r o p s  c a n  b e  l a r g e l y  
a v o i d e d  b y :  ( 1 )  p r o p e r  i d e n t i f i c a t i o n  o f  t h e  t r o u b l e ,  ( 2 )  s e l e c t i o n  o f  
a  s u i t a b l e  f u n g i c i d e  o r  i n s e c t i c i d e ,  ( 3 )  s t a r t i n g  c o n t r o l  m e a s u r e s  a t  
t h e  r i g h t  t i m e ,  a n d  ( 4 )  t h o r o n e s s  i n  a p p l y i n g  t h e  t r e a t m e n t .  
P o i s o n - B r a n  B a i t  
P o i s o n - b r a n  b a i t  m a y  b e  m a d e  a c c o r d i n g  t o  t h e  f o l l o w i n g  f o r m u l a s :  
L a r g e  q u a n t i t y  S m a l l  q u a n t i t y  
B r a n .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .  2 5  p o u n d s  5  p o u n d s  
M o l a s s e s .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .  2  q u a r t s  % :  p i n t  
W a t e r .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .  1 0  q u a r t s  
2  q u a r t s  
P a r i s  g r e e n .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .  1  p o u n d  3 3 1  o u n c e s  
M i x  t h e  d r y  b r a n  a n d  p a r i s  g r e e n  t h o r o l y ,  a f t e r  w h i c h  s l o w l y  a d d  
t h e  m o l a s s e s  a n d  w a t e r ,  p r e v i o u s l y  m i x e d ,  s t i r r i n g  c o n s t a n t l y .  S e e  t h a t  
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the bran is coated thoroly with the poison and molasses. The finished 
bait should contain just enough water to make it hold together, and 
not enough to make it sloppy. 
An oil bait recently tested by J. H. Bigger of the Illinois State 
Natural History Survey shows much promise as a substitute for the 
above bait in the control of cutworms. Tests with it, however, have 
not yet been completed. Following is the formula: 
Large quantity Small quantity 
Bran. . . . . . . . . . . . . . . . . . . . . . . . . .. 25 pounds 5 pounds 
Lubricating oil (medium heavy).. . .. 2 quarts %: pint 
Paris green. . . . . . . . . . . . . . . . . . . . .. 1 pound 3Yz ounces 
1ix the bran and poison thoroly and add the oil slowly, as directed 
for the molasses and water in the foregoing molasses-base bran bait. 
The oil and bran and poison must be mixed very thoroly. No water or 
sweetening is used. 
Contact Poisons 
Contact poisons are, as the name indicates, those that kill an in­
sect by coming in contact with its body or by entering its breath­
ing organs. The most important of these poisons used on truck crops 
are nicotine, pyrethrum, and derris or related poisons. 
Nicotine sulfate is manufactured in a 40-percent concentration and 
should be used according to the instructions on the container unless 
otherwise stated in the following directions. Nicotine sulfate is pre­
ferred for spraying truck crops. 
Free nicotine is more active than nicotine sulfate. It may be used 
in preparing nicotine dust. Nicofume, Nikoteen, and Black Leaf 50 
are examples of free nicotine. 
Nicotine dust. Hydrated lime is used as a standard base for nico­
tine dust prepared for use in the home garden. 
To make a 2.4 percent nicotine dust, place 47 pounds of hydrated 
lime in a barrel having a tight-fitting cover. Pour 3 pounds of 40­
percent nicotine sulfate over the lime; add about 30 smooth stones 
the size of an egg, and roll the barrel back and forth over the floor 
or rotate it by mounting the barrel in a frame with a rod attached to 
the center of the barrel. This kind of frame has a crank at one end 
by which it may be turned. The barrel should be rolled or turned 
at the rate of 3S or 40 revolutions a minute. If it is turned more 
rapidly than this, the mixing is not so complete. A churn may be 
substituted for the barrel as a container for mixing the dust. 
To make the dust in small quantities, place 1 pound of hydrated 
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lime in a small keg or bucket having a tight-fitting lid. Pour 1 ounc
by weight, of 40-percent nicotine sulfate over the lime. Place 12 t
15 pebbles about the size of a walnut in the container, close the Ii
and rotate for about 10 minutes.
Be careful upon opening the container not to hold the head clas
to the opening, as a large amount of nicotine is given off, which ma
cause severe headache or nausea.
It is best to mix nicotine dust just before it is to be applied. I
this is impossible, it should be stored in tight containers as soon a
it is mixed. If allowed to stand for three or four weeks, it will losl
some of its strength, altho if the container is air-tight it may be hel
for a month or two without any great depreciation in insecticida
value. 
Derris contains rotenone and several other toxic materials tha
are very effective against certain classes of insects. It acts both as
stomach and a contact poison, first paralyzing and later killing in
sects treated with it. Altho it is slow in killing, it is a very effectiv
poison and has the advantage of being only slightly poisonous to man.
Derris is available in either liquid or dust form. Derris dust is on
of the best of the substitutes for arsenical sprays or dusts for us
against cabbage worms during the latter part of the growing season.
Pyrethrum is another plant poison that is relatively harmless t9
man and highly toxic to certain insects. It acts much more quicklYj
than derris but is effective for a shorter time.
Pyrethrum may be obtained as either a liquid or a dust. The
liquid extract should be used according to the directions of the manu­
facturer printed on the container. 
Bordeaux Mixture 
Bordeaux mixture is made in several strengths. For spraying such
crops as potatoes a 5-6-50 bordeaux is recommended. For more
tender crops a 4-4-50 or a 3-3-50 bordeaux gives better results. (The
first number in the formula always refers to pounds of copper sulfate,
the second to pounds of hydrated lime, and the third to gallons of
water. ) 
When a very small quantity of bordeaux is needed, a ready-mixed
commercial product may be used. The directions of the manufacturer
should be follO\ved. 
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If a considerable quantity of bordeaux is needed, it can be pre­
pared according to the following formula: 
4 pounds copper sulfate (blue vitriol) 
4 pounds hydrated lime 
SO gallons water 
Copper sulfate is available in lump or powdered form. Because of 
greater ease in handling, the powdered form is preferable. 
For mixing bordeaux, agitation should be provided thruout the 
operation. After the spray tank has been partially filled with water, 
the proper amount of lime is added in the form of a thin paste or 
sifted directly into the tank as a powder. The copper sulfate, pre­
viously dissolved in a small amount of water, is then poured slowly 
into the tank and the remainder of the water added. 
Caution.-Copper sulfate should not be dissolved in metal con­
tainers. The mixture is most effective if used within a few hours 
after it is made, for it settles out and changes in composition upon 
standing. 
Bordeaux Dust 
A copper dust \vithout a stomach pOlson can be prepared accord­
ing to the following formula: 
16 pounds monohydrate copper sulfate 
84 pounds hydrated lime 
For some pests that attack vegetables, a copper dust containing 
a stomach poison gives effective control. The dust can be prepared 
according to the following formula: 
16 pounds monohydrate copper sulfate 
64 pounds hydrated lime 
20 pounds arsenate of lead 
Ordinary copper sulfate should not be substituted for the mono­
hydrate form. Only the best grade of hydrated lime should be used. 
After the ingredients have been weighed, they should be thoroly 
mixed. This dust should not be allowed to stand in open containers 
for long periods before being used. 
O t h e r  I l l i n o i s  c i r c u l a r s  o f  i n t e r e s t  
t o  v e g e t a b l e  g r o w e r s  i n  c o m b a t i n g  
i n s e c t s  a n d  d i s e a s e s  a r e :  
T o m a t o  D i s e a s e s  a n d  I n s e c t  P e s t s :  
I d e n t i f i c a t i o n  a n d  C o n t r o l .  C i r e . 4 2 8  
S a v i n g  G a r d e n  C r o p s  F r o m  I n s e c t  
I n j u r y .  C i r e .  4 3 7  
E i t h e r  o r  b o t h  o f  t h e s e  c i r c u l a r s  
w i l l  b e  s e n t  o n  r e q u e s t .  
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